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Foreword 

The aim of this manual is to help businesses develop and sustain Toxics Use 
Reduction (IVR) programs which will make sense both in terms of corporate 
~rof i t s  and environmental protection. The manual is intended to help industry 
reduce or eliminate the use of toxics andlor the generation of toxic by-products 
at the source, before they have a chance to endanger public health and the 
environmnnt. 

This rnanual is designed for the use of all Massachusetts institutions 
which use toxics - both those which are required to do TUR planning by 

Toxics Use Raducrron often 
make sense boeh in terms of Massachusetts General Laws, Chapter 2 1 I, the Toxics Use Reduction Act of 
corponte prof= and 1989 (TURA), and those smallquantity toxics users not covered by the law. 
envtronmenrai p r o m o n .  The manual1 should prove pamcularly useful as a do-it-yourself guide for smaIl 

andmid-sized firms which lack in-house TURexpertise yet wish to launch TLR 
programs. 

The nmual  has been developed by the state Office of TechnicaI 
Assistance and reviewed by businesspersons, environmental specialists and 
others. Our hope is that it will serve as a tool for sharing the valuable lessons 
derived f b m  the hands-on experience of OTA md  these business leaders. 

In wiling this manual, we have sought to create a document which will 
prove usefid in the everyday work of manufacturing professionals. To this 
end, we have included practical step-by-step guidance to all phases of TUR, 
from semng up a TUR team and setting corporate T'LTR goals, to identifymg, 
assessing and implemennng changes which will reduce indusmal toxics at the 
source. Where possible, we have included charts and worksheets designed to 
save labor ,and saearnlinc the TUR planning process. 

At inttmaIs throughout the manual, we have included case studies of 
actual TLX. activities at Massachusetts businesses. These are included for 
purposes of illustration only. Mention of any particular equipment or 
proprietary tcchnologcs does not represent an endorsement of these products 
by the state of Massachusetts nor an assertion that they are appropriate for every 
process. 

How To Use This Manual 

Each busin~~ss uill come to this manual with different needs m d  different 
levels of cxpcnise. For instance: 

+Those who have no previous experience with Toxics Use Reductionmay wish to begin 
with the mtrolductory Chapter 1 and work their way through the manual sequentially. 

Those wlho already know the basics and are ready to begin launching a TUR program 
may wish to clrspelw with the inaoductory Chapter 1 and start with Chapter 2. 
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Executive Summary 

Chapter I : Answering Basic Questions About 

Toxics U s e  Reduction 

A Toma Usc Redurnon 
prugnm a n  hdp your fim to 
improve production efficiency. 
cut chem~al  purchase and 
disposal coro .  lower liabilig 
rub. improve worker h u h  
and safecy. rsduc4 regulatory 
f e a  and a s 4  compliance 
headaches. 

Toxics Use IZ~Iucrim IS a promising new approach to the management of toxic materials. 
It has been wscd by bunwsses in Massachusetts and around tine country to reduce emissions 
of environrnctntally harmful toxics while often resulting in a boost in profits. 

Essenaall y. TUR refocuses attention away from treatment of toxic wastes which have 
already kai p ~ ~ I u c e d  and toward the ehma t ion  or reduction of toxics at the point of 
produrnon Becausc d deals with toxic substances at the source, before they have a chance 
to become pollutants a amtaminants,TURrepresents the most environmentally responsible 
approach to I ~ C  aumaganent of industrial toxics. 

The aun o f  thrs manual IS to help Massachusetts businesses in a variety of indusuies to 
Launch successful and matfFectlve TUR programs. Such a program can help your fim to 
improve p r o m o  cfficltncy. cut chemical purchase and W s a l  costs, lower liability 
risks, impww wwalru health and safety, reduce regulatory fees and ease compliance 

k m a n r d  IS also dtaped to provide general guidance to businesses subject to the 
planning rrqumments of (MGL Chap. 21 I) the m e  Toxics Use Reduction Act (TURA). 
'IUIU phoomg requrtcments rppl y to all businesses which meet all rhree of the following 
c r i w  

Em- the tquivakm of I 0  or more full-time employees (I employee = 
2,000 w a d  h o u d y r v )  

Fall withh Scadad Industrial Classification (SIC) Codes 1 0 -  14 (mining); 

20-39 (mrm- 40, 44-49 (tnnsportation, communications, gas, 
electric. .nd nnity wrrica); 50,s 1 (wholesale tpade); and 72, 73,75,76 
(certain m a s ) .  

* Process cw rnuwbrrum at b s t  25,000 pounds or otherwise use at least 
10,000 pwruis d dmcanees regulated under Title Ill of the federal Super- 
fund Amadmtm d Raauthorization Act (SARA). From 199 1 to 1993, 
the act urrr e x p d d  m r u l l y  to include all substances regulated under 
the fedal l  -e Environmental Response and Compensation 
Liabilky Ah (CERCU). 

TIe  manual has been p e p a d  by the state Office of T e c h c a l  Assistance - a non- 
regularo~ am office wbLlrc p~pose is to assist Massachusetts industry in its TUR efforts. 
OTA. h c h  u ftaxkd by tbc natc rURA fee, has worked with several hundred Bay State 

businesses ruld promkd concrete TUR rrcommendaaons to more than 300 firms. Informa- 
tion abolrt 0TA ' s coofcrrnccs, workshops, free and confidential site visits and other technical 
assmance mves can be obtauKd by writing to: Office ofTechnicalAssistance,Executive 
Office of Eo~viroomeotal Affairs, Room 2109,100 Cambridge Street, Boston,W 02202 
or by c a l h g  OTA at (617) 727-3260 during business hours. 



The final amalyacd step is the use of rudimentary matends accounting techniques to 
estimate the rnlagnitude of u c h  toxic byproduct. Once your analysis is complete, your team 
can conduct in f o n d  walkthrough of your producrion kibities in order to check the 
informaaon you have collected and begin brainstorming about process changes which might 
reduce relranct upon toxlcs. 

It is important to keep in mind that the process of gathexing data is intimately linked to 
the process of identifying TUR options. The information you gather should indicate to you 
where toxics arc bcrng 10% and each loss provides an opportunity for TUR Often, TUR 
options will k o m e  apparrnt once you have identified these losses. It might be wise to have 

The mom N R  opoom YOU each TUR w n  member keep a notebook during the mfonnation-gathexing stage in which 
consider. rha more likely you remrd l h i  about opdons. 
a r e r n K k C r d m o m t h l ~ h  
best for your p h m  

Chapter 4: Identifying TUR Options 

At tb pornt. )w T U R  planmng efforts enter the creative phase. The object of this phase 
is to draw up as complete a lm as possible of alternatives for reducing or eliminating your 
w of touc nrbscancts d a  your generation of toxic byproducts. 

Perfiaps tbc kst uay  to draw up such a list is to hold a group brainstorming session 
designed to eLat ~nplt fran as many team members as possible. This will guarantee that your 
ht of TLT opnons wdl reflea a banety of perspectives and areas of expemse. 

Your brvnstormmg can be suuuured to insure that your team considers all six generic 
types ofTliR ~@ua rtformulan~~l. q u t  substitution, process redesign, process modern- 
ization unproved operancms and mamrenance, and in-process recycling or reuse. 

Of course. 11t ~s not &yays necessary to go through a fonnal options-generation process 
such as tbe bnwtormmg ressioa dcscnbcd in this chapter. You may already be convinced 
that you k w w  w b  needs to be done. or you may find that some common TUR technique 
or technology - such u solvent suhtution, metal recovery, drag-out management, 
chemical bath l~fe  exttnslcm. opunJ process control, or improved storage and handhg - 
is appropnatc for hsmtu 

However. b e  most ryp~cal rmajke at tb phase is to settle for an inadequately small list 
of opons.  Keep m mrod cbt h e  more options you consider, rhe more likely you are ro selecr 
rhe one r h a  u iksrfor -wur @JN. 

If your in-house penoa~cl lack sufficient farmliarity with TUR techniques and technolo- 
gies, you may vnsh to supplement your brainstorming session by contacting trade associa- 
tions and i n d w ~  wlltjeucs. conducting some t e h c a l  research, or soliciting help from 
vendors and cuasulmts 

You may also s o d  to enroll one or more of your team members in classes on TUR 
planning. Undcr safe Law. tbt Uruversity of Massachusetts at Lowell has been chosen as the 
state's Toxlu L:sc Rtducncm lnsbntte CIURI), and has been charged with cahing industry 
employees in TUR pbnnmg. More information about TtTRI's classes can be obtained by 
wriang to: Toics  Use Reduction Institute, University of Massachusetts at Lowell, One 
University Avenue Lowell, MA 01854; or by calling (508) 934-3275. 

Alternatlveiy. you can call upon OTA's TUR specialists to visit your plant, study your 
production processes, and submit recommendations. You can reach OTA at (617) 727-3260. 





Chapte r  I : Answer ing Basic 
Questions about TUR 

1 .O: T~xics Use Reduction -- An Overview 
The Aluminum Processing Company, a Fall River-based subsidiary of Lighto- 

lier-Ca~tyte Croup with about 250 employees, replaced a vapor degreasing 
process which used toxic trichloroethylene (TCE) with a non-toxic aqueous 
degrsudng p m u s ,  reducing TCE use by 80% while realizing a net profrt of 
appmximatety $100.000 over the lifetime of the project 

The I I Olmployee Kllrnartin Tool Company of southeastern Massachusetts 
pumped freon out of its degreasers and into sealed containers after each 
use, cutting h lasses ofozone-depleting chlorofluorocarbons (CFCs) by 
83% bile saving $5.000 per year in Freon costs 

The Robbiins Company. a Massachusetts-based jewelry manufacturer and 
plating company with about 350 workers, used readity available metal 
miamation technobogy to cut its chemical usage by 8 1.8%. reduce its 
toxic waste generrtion by 89%. recycle water, and realize annual savings 
of $7 1,000 - recouping its initial investment in less than two years. 

What do &.se comparucs have m common? They have all pursued a new approach to toxic 
indusmal byproducts wh~ch goes by the name "Toxics Use Reduction" (TUR). 

TUR is a1 prormsmg new approach in industry tlmkmg about the use of toxic materials. 
In essence. n refocuses ~ncnaon away f?om the treatment and disposal of toxic wastes whlch 
have already been produced. and toward the elimination or reduction of toxic substances 
within the produrnon process itself. 
lhs refocusing of anention was iniaated in 1975 by the 3M Company, which estimates 

that 11s worldwide Polluaon Prevention Pays (3P) program has saved it over $537 million 
while preventing more than 577,000 tons of pollutants and 1.7 billion gallons of wastewater. 
In the inun:emng years. 3M's ideas have been embraced by many Fortune 500 companies, 
includmg Lhd'ont. Dow. IBM, GE, Chevron and the like. Here in Massachusetts, such 
businesses ;IS Monsanto, Diptal Equipment Corporation, W.R Grace, Polaroid, Raytheon 
and Texas Lnsmrments have led the way by launching their own pollution prevention 



CHAPTER I :ANSWERING BASIC Q U E ~ O N S  ABOUTTU R... 

A successful TUR program 
requlms r comprehensive 
axaminaoon of manufacruring 
p m u s a  and a detailed 
assessment of the costs 
assoclad wirh rhe use of 
various toxic materials. 

TUR alsc~ improves upon o tha  more traditional approaches to environmental control with 
its broad "multi-m&"  ope. While traditional pollution control may reduce emissions 
into obe mechum. such as the arr or the water, it often does so by shfting the burden to another 
medrum Such burden-shhg does not count as 'TUR. 

it rs not I'LR for mstance, to capture a toxic air emission with filters which themselves 
have to k landfilled for thrs does not eliminate the costs, regulatory headaches and liability 
concerns asroclated u-ith tox~c wastes, nor does it eilmlnntP the environmental threat posed 
by the toxic !rubsrance - 11 m r r l y  shfts the threat from the air to the land. On the other hand, 
a process change wbch redud or eb ina t ed  the use of this same industrial toxic would be 
an example of TL'R 

Because 'TLT f c x w s  oa the use of toxic maxerials, a successful TUR program requires 
a comprcherl~~ve exammanon of manufacturing processes and a detailed assessment of the 
costs a m a d  u-ith tbe w of various toxic materials. TUR planners must gain precise 
knowledge of t h m  faclllty's processes and opemons, and they must consider, evaluare, 
select and un~plement changes auned at reducing reliance upon toxic substances. This manual 
provides a guide to all phases of the TLTR planning process. It introduces a variety of 
analvocal m l s  for asvsung manufacturing processes and weighmg the costs of alternative 
processes. 

It should be noted. however, that because TUR requires creative t h h n g  about the 
specific protxsses and technologies appropriate to each manufacturer, the TUR planning 
process camlot k reduced to a handy, foolproof formula. As a result, h s  manual should 
not be seen as a guarmtecd stepby-step p d e  to TURsuccess. The techniques in thismanual 
will have to Ix supplemented by a thorough and creatlve exploration of the alternatives open 
to your company 
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CHAPTER I :ANSWERING BASIC QUESTIONS ABOUTTU R... 

I .2: Why Should Your Business Pursue TUR? 

In 1986. tlassachurersr 
buslnusa produced approxi- 
mardy 250.000 tons of 
hazardous wmsres. and rponr 
an o m m a d  $76 million m 
m n a e  and daporo of chose 
was-. Smce chon. hazard- 

The eliminarion or redurnon of workplace toxics has always made good sense from the point 
of view of workcr safety, public health and environmental protection. In Massachusetts, 
where hazardous waste dqmsal facilities currently have an inadequate capacity and access 
to out-of-state dqosal fitahties is increasingly limited, TUR is an e s s e n a  element of any 
responsible bizadous waste policy. Many businesses have been moved by these critical 
concerns to m u m  TUR progams. 

%re art cho powerful bouom-line reasons for pursuing TUR projecrs. In recent years, 
treatment and cfisposai costs for hazardous wastes have risen, while regulatory fees and 
paperwork a s s o c d  with toxic materials have become increasingly steep. In 1986, 
Massadu~em; bus~ncwes produced approximately 250,000 tons of hazardous wastes, and 
spent an earnzated !76 &on to manage and dspose of those wastes. Since then, hazardous 
waste uarqcn.ranon and dqwal costs have only climbed. 

S i r n u l ~ ~ u s l y .  federal Superfund legslation has made businesses which generate 
our -st. urrupomuon and hazardous writs p o w t d y  h b l e  for the full cost of any clean-up which may become 
d l s p a t  coso have oniy necessar]i at dlsposai sites whch they have used. Woburn, Massachusetts was recently the 
climbod. stte of the larg~ca Superfund settlement in New England -- a case whch cost four businesses 

a total of S69 n d h o n .  Busrncsses have also been hit with large fines and suits for accidental 
releases of oz~a and for uwka bealtb problems arising from exposure to toxics. The result 
is that bunnes~is uhcb connnue to produce large quantities oftoxic wastes incur steep day- 
b d a y  cons arid expox thcmxlva to tremendous financial risks - risks which they often 
fad to appmcl;yt fully unnl the day when an accident happens. 

A g u m  the backdrop of the soanng costs and liability exposure associated with the use 
of hazardous alatcnals. 11 has kgun to make increasing sense from a purely economic point 
of vlew to mven m altunanvc substances and processes which ]reduce reliance on industrial 
toxlu, wbmv~tr  passible Many TLR changes ]require little capital and are reimvely simple 
to carry out These b g a  - wtuch may include better storage conuols, inventory 
management and sptll prcvcntloo - often begm addmg to profits almost immedmely. 

Qurte often even the most complex n-TR changes such as process modifications or input 
submnrooas dm pay for tbcmrclves very cpckly. Many companies have found that these 
sorn of projeats can g~*r a p n w  boost to bottom-line profits w i h  one to two years. 

The Benefits of W R  

Since TLX ;arrmr u th rrductlon or e d o n  of waste, it often helps manufacturers to 
improve t h e m  ]*oc effic~ency and &eve other goals traditionally associated with 
qual~ty improvemcnx programs. For instance, TUR can help businesses to economize on 
materials. cut ~rroducnoa ame. improve product qualrty, decrease Ixansprt, treatment and 
d q m s a l  corn. reduce rrgdamry fees and c o m p h c e  headaches, improve worker safety, cut 
worker's c w r p c ~ o a  m w a ~ c e  rates. and reduce their SuperfUnd liability exposure. In 
addtion. TLX I= u n p v e  commmty relarions and reduce the chances of public litigation. 

Full apprecrratlon of the financral benefits of TUR requires a relarively fine-toothed 
accountxng of t t ~  costs associated with various production processes. T h t i o n a l  accounting 
tools do not ge~ierally provide enough derail to pennit calculations of the costs and benefits 
of TUR projects. A s  a result, TL'R planners have stressed a form of accounting which 
measures dl of the boaom-he costs and benefits associaxed withreduced reliance on toxics. 



quantity users of toxlc maanais: (1) to report annually an their use of toxic substances; and 
(2) to undergo a planrung process that involves a close examination of toxics use patterns, 
an evaluatloo of the m e  cost of using these toxics, and an effort to iden* and evaluate TUR 
options. TUFtA sets "a statewide goal of reducing toxic waste generated by 50% by the year 
1997 using trjxics w reduction as the preferred means of meeting h s  goal." (TURA 1.1) 

Who I s  Subject to TURA? 

In July of 1989. che Musr- 
chusecu lsgislrrure unrni- 
mously passed the T o u a  Use 
Reducoon Act P R A ) .  chc 
finr and one d d n  m a r  
ambtoous r a t s  polluoon 
prevenuon bills. 

The planrung a d  rrpomng requirements of TUX4 apply to firms whlch meet the 
following three alttna 

Employ the equ~vdent of I 0  or more full-time employees ( I  employee = 
2,000 hbor houdyear). 

Fall within %dud I n d u d  Chssification (SIC) codes 10- 14 (mining); 20- 
39 (rmmifacturing); 40,4449 (transpoetion, corramunications, gas, 
electric. and s a n b q  senice); 50.5 1 (wholesale trade); and 72, 73.75.76 
(certain ~lmrvices). 

+ Proceu w manukcturcl at least 25.000 pounds or otherwise use a t  least 
10,000 p~unds d rubrcurces regulated under Title Ill of the federal Super- 
fund Amendmurt and R-uthorization Act (SARA). From 199 1 to 1993, 
the act w r u  expndod g n d d l y  to include all substances regulated under 
the f&J  Compehmwe Environmental Response and Compensation 
Liabilky I h  (CERCU) 

Comprrues ubch amm id! rhmc of these criteria are categorized by the law as Large 
Quantity T e d  ti- ( LQTUs) These firms are required by TURA to file annual reports 
whrch dcurl bar uu of Lmed substances and document their ongoing efforts to reduce or 
elimlnatr tbcu dcpcDdtoa ao these substances. By July 1,1994, each of these businesses 
must also &trelup and crmh a Toucs Use Reduction plan with specific two-year and five- 
year byproduo rcdrrcrm g o d s  a d  a detailed implementation schedule. 

All Masachrwctr torru users whch do not meet the above three criteria are categorized 
as Small Qambt? Terwr U s e n  (SQTUs). Cenain SQWs which fall into designated 
"priority uur ugmcntr' a u v  rLEo be subject to TUR4 reporting and planning requirements. 
Under W i .  primp usu segments cannot be identified until July 1, 1995. 

Those toxlla usm u bo an subject to piannlng requirements must submit aplan summary 
to the state Dcp~menr of Lnwmnmental Protection PEP) .  The full plan must be a-le 
on facilrty prcrnrses for rnspccnoo by DEP officials. 

Plan upbus must k caapletcd every two years after the fim year in which a plan is due. 
These plan updaws m u  expiam any failures to meet planned goals and schedules. Atl plans 
and plan updam m u  k cemfied by the facility's senior management official and by aaained 
Toxics Use FLedumoa P h n .  

Sectloo A 1.2 of AppendLx 1 explains the annual TURA reporting process, while Section 
A 1.3 of .4ppcndu 1 &scribes the pbnmgrequirements. The Addendum contains the Toxics 
Use Rcducacm Act Plannlng Rcgulanons (3 10 CMR 50.00). These planmng requirements 
are presented1 m hlmmary form in Figure IC, which appears on the following page. 



CHAPTER I :ANSWERING BASIC Q U E ~ I O N S A B O U T ~ U  R.. 

OTA and How Can Help Your 
Business? 

The Office of'Techxud Assistance for Toxics Use Reduction is anonregulatory state office 
whose purposic is to sin industry in its Toxics Use Reduction efforts. Though OTA was 
established m 1989 wth the passage of TURA, its precursor - the Office of Safe Waste 
Management - had by that time already gathered many years of experience helping 

TO &tc OTA hu worked Massachrrsen?; buswsses to reduce their use or generationoftoxic substances. To date, OTA 
*li& re~erai  hundred Masla- has worked with ~ v d  hundred Massachusetts businesses, and has provided on-site 
churem burin===. and has consultanon a d  coacrcrc TUR recommendations to more than 300 firms. It has also held 
prw~ded on-rtte consultluon over 100 Toxl~cs UK Rtducnon workshops throughout the stare. 
and concrete TUR rocommen- 
damom to mom than 60 fimu. OTA cs not an enforcement agency. The office's mandate is to provide technical advice 

and resouras to cornparues whchare subject to TURAreporting and planningrequirements. 
It is also rrspmsible fa helpmg other small businesses not subject to TUM to reduce or 
elim~natr tbccr rckance on touc substances. Under TURA, OTA's services are confidential 
and the office IS r e q d  to glve pnority in its assistance effons to b s  referred by DEP and 
to compvlln m pnorrty user groups. 

OTA. whch IS funded by th TURA fee. offers the following nonregulatory services to 
Massachwccs toucs users at no charge: 

Performs on-site To* Use Reduction assessments designed to help you 
identify TUR opportunities and learn about akernative processes and 
t e c h n o b e  appropriate to your company. 

Responds ,to telephone and written requests for general information about 
Toxks Lhm Reducdon and specific information about the legal require- 
ments d TURA 

Conducts finu~frl ma+s to identify the economic beneftts of TUR 

pmi- 

Sponsors coderencas, workhops, seminars and trade fairs to disseminate 
information about N R  techniques and technologies. 

Promotes attermtire manufacturing processes that reduce toxic substance 
we, hazardous waste generation, toxic air emissions and wastewater 
dischargcti 

The Office m.amw an upto-date Library of resources and publications on all aspects of 
TLR The Ihbrarl; mcludes techcal  dormation on alternative TLR processes and 
technologies for a number of major industries, including metal fushmg and platmg, 
metalworlung. pulp and paper, and chemical manufacturing. A partial listing of these 
documents n reproduced in Appendu 3 of h s  manual. 

In addmoll to IS dmct technical assistance services. OTA may be able to help your 
busmess bv pumng you in touch with other companies whch have faced srmilar toxics 
managaent problems. and which have solved them through successful TUR. 





Chapter 2: Getting Started 

2.0: Getting Started -- An Overview 

Sometimes. TUR ideas can come to light immediately, with little planning. For instance, 
one Somendle firm recently decided &r a five-minute phone conversation with OTA, that 
its purchase ofmmc acid etchant could be cut dramatically by  stalling a vacuum distillation 
unit which recoven acids for reuse. 

Some cornparues m g  ttus manual may have similar experiences. They may saike upon 
obvious. me-,tested process changes which promise immediate reductions in their toxics use 
and in then chemical purrhax and d q m s a l  costs. A list of some of the most common and 
widely apphclble TUR changes IS included in Chapter 4 (see Figure 4H). 

More rypicall y. successful TUR requires a sustained program headed by an active TUR 
team. T~I.s tezm'stask IS to take tk lead inanalyzing production processes, identifying TUR 
options, submrmng opons  to m f u l  scrutiny, and implementing TUR process changes. 

By c r m g  such a t a n .  your business will maximize its chances of identifjmg and 
selecting b e  7'LT opaons most appropriate for i t  Perhaps more importantly, the team will 
still be there wbcn the pro)ecr rs doac to help mck progress, draw lessons ffom successes and 
fhdures, plan addmonal TLX p o ~ c t s .  and build worker acceptance ofTURprocess changes. 

T~I.s manual IS urmea w t h  the needs of such a TUR team in mind. l k s  chapter focuses 
on forming such a team and pr k u l g  n the management support it will need in order to succeed. 
Subsequent ctraptcn are d a l p d  to guide the team in the investigation, identification, 
assessment and u~lplemcntanoo of TUR options. However, these same chapters should 
provide useful gcudance to rhox who elect to pursue TUR more informally. 

2.1: Developing a TUR Policy Statement 

Much like a qual~ty mprovement program, an effective Toxics Use Reduction program 
requires a comprehensive, company-wide shift in the way your business thinks about its 
produnon processes. Businesses which have initiated TLTR proprams have found that useful 
suggesnons an: likely to arise from all quarters. For instance, while engmeers may be in the 
best posiuoo lo Identify and evaluate the feasibility of alternative technologies, factory 



FllGURE 2B: THE TUR PLANNING TEAM: 
(Nar In small firms. rhe same penon may w a r  seven1 of these has) 

~~ ~ P O N S l B l L l T l ~  

I. HANL,GEHENT -Demonstrate corporate cornm~tmenr 
-Set and enforce long-term goals. 
-Have author iq t o  implement changes. 

Z ENCNEERING AND DESIGN Provide information on current processes. 
-Conuibure ideas for  changing processes. 
-Gauge the technical feasibiliq of  proposals. 
-Identify parameten for  optimal functioning. 

-Calculate treatment and disposal cosa. 
-Gauge environmental effecn of  proposals. 
-Ensure compliance wi th  regulauons. 

4. RNANCEIPURCHAStNG -Glculate cosa of current operanons. 
-Glculate cosa and savings of proposals. 
-Tnck  cosn and benefia of actual changes. 
-Implement changes in inventory conuol. 

5. ULES & HARKFTINC P r o v ~ d e  insight into customer needs. 
-Educate customen about TUR changes. 
-Marker producv as environmenully responsible. 
-Hon~ to r  customer reactions to product changes. 

6. PROOUlCnON WOMRS -Provide accurate descriptions of produalon practices. 
-Suggest ideas on new approaches. 
- C u p  compatibilrcy of changes with work practices. 
-Supply feedback on frondine effeco of  changes. 
-1-e worker support for  production line changes. 

LvgerCompanies might consider including: 

QUMJn CCt4TRol -Gauge compatibility of changes wi th  quality specs. 

LEGAL -Gauge effeca of  TUR on regulator). requiremeno. 
-Gauge affecu of TUR on corporate liabilig. 

-Provide dau on health and safeq effects of toxics. 
-Evaluate effecn of TUR on worker health and safmy. 

MATERIAL CONTXOL & Provide information on material storage and use. 
INVeCTOltY -Suggest methods fo r  improving storage and handling. 

RESURCH & DEVELOPMENT -Consider modificarions to  product design. 
-Consider TUR goals during new product development 

(NOTE: A'dapted from the Minnesota Pollution Prevention Manual.) 



TUR goab should ba conrrr- 
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2.3: Setting TUR Goals 

One of tbt k a  tasks facmg the 7 U R  Planning Team is the semng ofTUR goals. These goals 
should be pvcn a gturt deal of thought. as they should be consistent with the management's 
facdq-wdc'7l-X pol~cy. amb~oousenoughtomotivatesignificant rZJRefforts, yetrealisac 
enough to serve as an apppnare measure of success - one which will not guarantee fdure 
from tbc sun:. 

Evennully. your TLX goals should provide a specific quantified statement of the short- 
and loog-ttrmr redumaas m toucs use whch you intend to actueve. However, it is not usually 
possible to hrmulau such spcclfic goals from the very start, before your team has begun to 
invcmgvc qrpomuuna for TUR m your plant. In practice, your goals will probably evolve 
from qual~tvlve drrcarvcs to qumntarive aims as your TUR program progresses. 

For imantx, you may uub to begin with the general goal of achieving a 30% reduction 
of toxics use and a bYpcoduct~ m rwo years, and a 50% reduction in five years. In many 
industries. N ~ I  rrdU~)cms are eminently achievable. Then, as you pinpoint the most 
prouuslng TLX oppornmracs m your plant, you can make your goals more concrete. For 
~nnaoce. y a ~  m~ght c h o s e  to focus your near-tenn efforts on reducing your use of cleaning 
solvenrs. wbbc focuslog yw long-term efforts on substituting aqueous cleaners for Solvent- 
based &pasen 

Keep m rmnd h as you make your goals more precise, you will also want to mike upon 
a TUR amoa p h .  cornpiece ~ 7 t h  a timetable for the concrete steps you must take in order 
to fulfill ywr: TLTR goals Th~s action plan should be coordinated with your quality, 
efficiency. prtducn\.m. d e t y  and energy and water conservarion programs. k topic will 
be revlnttd UI Chapcr 6 



FIGURE ZC: T H E  T U R  FLOW CHART: 

I Carn manapmmt commltmant. 
L Dwdop dr31 T U R  Pdlcy Suument. 
I 0-a T U R  Phnnq T a m .  

,L OUVWZ T U R  ~rogram organized and ready to proceed 

I 
- 

BOX I! mocm mLrsn (Chapter 3): 

I I G m a  poru Ibr Q p m s  and I I 

4 Urn nuor-& ueounq ar, measure byproducu. 
waikbr\wln d m a r e  facility. 

ComprJnrn~ve list of TUR opdonr 

I b- ow waom arm not feasible. 
2 Ebm* o+am ts --I. firuncial 

urd rn-1 n+rsmmt 
I.  huct b a t  * w n r  k r  unplemenuoon. 

O v w c  P r o p a d  TUR procur  ctunge(r) 

BOX V w K € F W  N R  CHANGES (Chpcer 6):  
Begin New Project 

I Samn urg fund~ng for project. r 
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Chapter 3: Characterizing 
and Analyzing Processes 

3.0: Analyzing Processes -- An Overview 

One key to successful TL'R u g m m g  a detaded and comprehensive picture of your toxics use 
pancrns. The ;dynca l  tools and darawhch you assemble duringhs stage o f n l R p ~ g  
are absolutely critical. as they are your primary means for pinpointing wasteful practices, 
identrfymg TCJR oppomrmues. and calculating the costs and benefits of proposed changes. 
This chapter walks you througb the process of analyzing your production processes - 

begmmg with b e  mon general Lnformation-gathering stages, and workmg towards the 
highly detsulctl analysu of m&wdual processes needed to spot TUR opportunities. 

Those h i  uhch have alrrjdy chosen a particular process for focused examination may 
wish to nrrn &rtctly a, 3 3 a ~ d  bcgm constructing process flow diagrams of those processes. 

If your t u n 3  feels. u an): rtagc m the process, that a visit to the factory floor is needed in 
order to ga 3 Iwnm plcnm of production processes, you may wish to turn ahead to Part 5. 
v h c h  explains how to oqamz a group walkthrough. 

It is impmuit to keep m mlod that the process of gathering data is intimately linked to the 
process of idamfymg TLX opaons (described in Chapter 4). The information you gather 
should m h u :  how much your toxics cost you and where they are being used inefficiently. 
This alone ofkn bnngs to mmd alternative techmques and processes. It is agood idea to have 
each TLiR t u n a  member keep a notebook during the information-gathering stage in which to 
record ideas a lmt  TL? opoons. 

3.1 : Gathering and Organizing Information 

With a TLiR Plolicy Statement and tentative TUR goals already in place, your team is now 
ready to sharpen its knowledge of the use oftoxics on premises. The first data-gathering goal 
is to gain a general overview of the chemicals which enter and leave your facility. ThLs 
informanon has uses whch extend far beyond TUR plannrng. It should prove useful in 



Just as uith the first database, this basic information may be supplemented as your TUR 
program grows. But even before you have gathered any additional information, your two lists 
should give: you a relanvely comprehensive picture of the toxic substances entering and 
leaving your faciliv. and of how much they are costing your business. In most cases, t h ~ s  
will be enough informanon to permit initial discussion of cost-effective TUR opportunities. 

Where T o  Look For Data 

Some companies mav find that all of the information included in these two data-bases is 
Chamlcal Input and Chemlal  already awulable m-one mad place - perhaps in the purchasing or environmental 
Output daobases have us- engmeenng department. However, even if your company has not already assembled such 
which extend far beyond data. the h ; i c  informanon you need should still be available on premises. The tnck is to put 
N R .  For uompic  rhey may 
k i p  you m rmpmre ccauo4 af your hands on it. 
your chemicals lnventorr and Your regviatory records are a good place to begm looking. Assign ore or more team 
keep abrcut of regulatory members to comb bough  these records in search of information about your use of toxics. 
compl~ance. If your firm emts enough toxiu to be subject to federal SAIL4 3 13 reporting requirements, 

then your F c m  R repon will have a great deal of the infomanon you seek. If you are subject 
to TUTU repomng requrrrments. then your Form S will also include demled information 
about your mxics use. ermssrons. and by-products. 

Addinoaai uiformanon about your RCRA hazardous wastes can be found by reviewing 
your m f e s t  reporang records. whle your POTW (Publicly Owned Treatment Works) or 
NPDES (3;monal Pollutant I>lscharge Elimrnation System) permits will contain ready 
mformmon on your water &charges. Finally, if you have a state DEP Air Source 
Regsuanoo., then your appllcanon records will include data on your air emissions. 

Asslgn arld~oonal team members to mine other sources of data on toxics use. These might 
include purchasmg records. Matcnal Safety Data Sheets (MSDSs), stockroom and inventory 
records, &l:~vay records, w u n a n c e  m a r e d s  records, quality standards and customer 
produa spec~ficat~ons. and or process flow dmgrams prepared by production engmeers. 

In addacw. approprutc ctam members should gather rough information about purchase 
costs and m.arment or drsposal costs. Tlus data will eventually be used to condua a thorough 
financd assessment of the CON associated with your current production processes. (See 
Chapter 5 . 3 ,  sccuon 'a' 'Lrstmg C m n t  Operating Costs") 

Insuring ,Accuracy 

In some cases, the mfcmnat~on you gather at this stage will not be up to date, and willno longer 
accurately reflect your facllrv's production practices and toxics use patterns. You will have 
a chance to lvenfy your datj when you conduct a ficility Walkthrough (Chapter 3.5). 

The walkthrough IS &scribed at the end of the chapter because it serves as a chance to 
coniirm the tiam you @er d m g  other stages described in thrs chapter. However, youmay 
wish to alter the order. conducting wallnhroughs at earlier stages in ~ r d e r  to check up on 
informanon as you gather it. 



As you gadrar inforinadon. 
you should condnually ask: 
"Why do wa m e  dm 
substance or  process in 
question?"; 'Where might 
procsuar be alesred or  
substances subsntuted in 
a d a r o D ~ a r r u r e d  
mxic materials?" 

Your choice of a focus may also depend in part upon how much TUR experience you have 
already acculmulartd For instance, if you are new to TUR, you may wish to select a project 
which is not mribl y comp ticared or which will provide a good learning experience. Success 
in such a p n ~ j e a  a u l d  help solidify your company's commitment to TUR 

The twin data-bases developed above should prove helpful in your efforts to identlfy 
substances and processes which merit targeted attention. Keep in mind that as you narrow 
your focus. !mu should revzsit and sharpen yourpreliminary TUX goals (see Chapter 2). 

TUl?A NOTE: So far, process characterization has been described in relatively 
informal terms. Compames subject to TURA reporting and planning requirements 
m u  mertmorc formal requirements. Specifically, they must analyze toxicsuse and 
corn& posslbie ux reductions in each of their "production units". A producnon 
unir is any process or combination of processes which produces aproduct -- where 
''product" may be defined very broadly to encompassfinalproducrs. intermediate 
prochrccr (povntd y saleable goods which are used to male other products), resultr; 
(e.g. ttrc cle3ned clothes produced by dry cleaners), or families of relatedproducts 
or rcnrlis. 

Tbtv: legal ISSUCS are k u s s e d  at greater length in Appendix 1. The important 
h g  to aote h m  IS that. at lean during th~s pre lmimy stage, it is not inconsistent 
wtb varr XlRA w m p h c e  efforts to focus your anendon on a particular toxic 
substanc:e rather than on a pamcular produrnon unit. Once you have determined 
wbch produrnon uxllrs an responsible for the most sigmficant or most readily 
avo~dabl~e iosses of &IS substance, then you can meet TUL4's requirements by 
planxung: toxlcs use redurnon changes for these production units. 

Gathering More Detailed Information 

Once you narrow your focus. you wn begin to gather the more specialized data you will need 
in order to underaaod dl of tbc various effects which the targeted substance or process has 
on your busubrss and tbc c n ~ ~ e n t .  Until you have this son of understanding, it will be 
difficult to evaluarc proposed changes for possible adverse side-effects. 

It is pamculari y unpatlat to understand the effects of the targeted process or substance 
on produrnoi~ ahqucs a d  processes. byproducts and emissions, product quality, worker 
health and ufety. and tbc cnwonment. You will also need as precise an idea as possible of 
purchase, m:umcnt and dsposal costs in order to assess the financial viabhty of proposed 
changes. 

As you p h e r  h s  jd&aonal dormation, you should keep a few key questions contin~~ally 
in mind: "N11y do ur ux the substance or process in question?"; "What effects do these 
substances or processes have on public health, worker health and safety, and current or future 
environmcnoll complrance?'; "Where might processes be altered or substances substituted 
in order to retluce our use of toxic materials or our generation of toxic byproducts?'; "HOW 
might we save money by o p h m n g  producuon processes and the efficiency of chemicals 
use?" 



FIGiURE 3B: IN-PLANT DATA FOR PROCESS 

I. B W l l l O N M E N T A L  RECORDS: 

a .  SAM 113 Form R 
b. TUM form S 
c h k r  R m p o m  
d .  PaTHr a NPDES Pennits 
• . DEP &r Sourc. Regmaroon Records 
f b b r g  W a r m  Analyses and Flow Measurements 

t R a p o n u a  to R s c  Government Surveys 

a h c ~ b q  8Jumprmr 
b kkrruoo 04 Scorage, P r o c u s l n g  and Shipplng Areas 
c Plgmt  Dugrams 
d P m c u  Ror Dlagnms or Orha Process D a c r i p n o r u  

3 TECHNICAL DATA ON S U B n A N C E S  A N D  PROCESSES: 

a h u r o l  S r t q  h a  Sheets 
b Mamenance Procodurns and Records 
c Rodvcoon bm k h o d u l t n g  Records 
d Lrr )ob b o .  Bacch Make-up Records and Mix T i c k e u  
• E q w m t  Opuaoy  Manuals 

4 . TECHNlCAL DATA ON PRO DUCTS 

5 .  OTHER W U S  W E R A T I O N S  RECORDS: 

a .  Orrucll h a w a r y  Rocor& 
b. b . t u  Records 
c .  Ol.rw.1 hr rc tus lng  D a a  
d .  hod- S r k s  R u o r d s  . W a r u  T n m p o n o r  lrwolces 

f . Scmp kbos and R o q c l i n g  Rmcwds 

a.  Deptwnonal Coac k c o u n o n g  R e p o m  
b Tracmmm and D u p o u l  G n r  Records 
c .  U u m ~ c a l  Purchrr lng b s c  Records 



In adhnon. it s ntlcal to dugam periodic operations - such as equipment cleaning, 
maintenana: and rcpau - wbch aught use or produce toxic substances. You may have to 
create seware process flow d~agnms to characrerize these operations. 

How To Create A T U R  Process Flow Diagram 

The thlnlnng; behmd y o u  process flow diagram will depend to a large degree upon the kind 
of product100 utut you arc analynng. 

For mnaucc, coovenaonal assembly-line processes are relatively easy to represent with 
Your TUR diagram should process flow -, as these processes are essentially linear, with raw materials coming 
~nclude s o o n g e  and handling in one end artd products cormng out ofthe other. The final dugram can be laid out in the same 
phase wh~ch tnditional configuration as the factory floor. and a quick visual check of the actual production line can 
diagnms omit  often ascenaun wturbcr any step has been omitted. 

Other p o c t s ~ ~  mav p o v e  more difficult to dngmm. For instance, you may have targeted 
a '%batch p r o c : ~ " ,  m whcb fhr: mnous processing steps occur in a single place on the factory 
floor. In his  sort of use.  ahme processing steps are separared temporally rather than 
spanall y. yn~ must do wwe careful analytical thinking to ensure that your diagram captures 
each arp n c t x ~  fm coo\tmng mcoming raw materials, energy, and labor into products 
and mdui bypfdxts 

Whaowr type of process you arr analyzing, your final diagram should look roughly like 
a bluepnnr of a tradrtloaal LraeY m b l y  process. In most cases, your diagram should take 
the form of a Iw ofboxa. ucb Ljbcled to indicate the production step it represents. and each 
umneacd m other boxes m a sequence whxh parallels the production sequence. 

The n u  n n t u n d s  uhcb enter rbe process should be arrayed on one side of dm line of 
boxes. wth Locs d c m n g  tbe pouu at which they enter. All products and byproducts should 
be arrayed a1 b e  0th wdc of th lllw of boxes, with lines indicating the point at whch they 
leave the pmdumoo umt 

The umpk pnxrtu flur b g r a m  in Figure 3C represents a nickel-plated paper clip 
manufauurm~g process Wort flour dowm the page, from the first process (Wire Drawing) 
to the Lan I nlhrpptng) Rr-pmbmoa storage and bandling steps are -ed in the 
second colunm. ahrk b m  s I I rtprrsents post-production storage of b h e d  products. 

TL'Rt S O X .  VDdtr T L U .  production units are defined in a very flexible 
manna Anv poccs~ u c7xnbmaaon of processes which produces a desired result 
or produt? I whetha  fuus&d a not) could count as a separate production unit. Thus, 
the process d u r n 4  m F~gurc 3C could be counted as more than one production 
unit. Fur -a. nnce unplatcd paper clips might be sold to a plating shop for 
compleo~m. steps # 14 d d  constitute an independent production unit. 

TLTU Jw, rrqu~rr each muc subsrancc used in a given facility to be tied to all 
produrnon un~o m ubch ~t ~s used (except for toxic chemicals used to near toxic 
bprodwtsts, F a  uraancc. if tbe degrming unit represented by box #4 in Figure 
3C wert I& m other production processes, then mchloroethylene use would have 
to be am~buud ro more than one production unit. 

n;iu, p h  m m  conram a process flow -am for each production unit in the 
facrlrry See Appendix I for more infonnatlon. 



The Chemical Pathway Analysis 

If you have chosen to target your TUR efforts on aproduction process, you should now have 
in hand a process flow ciapm representing that process. If you have targeted a substance, 
you should have dmgmm representing the principal processes in which it is used. 

Either way. 11 u nme to use these dragrams to create chemical pathway analyses. The 
purpose of chaxllcal parhway analysis is to track the flow of a toxic substance through a 
process. T h s  U-111 gve  you a graphc idea of the fate of each tox~c chemical under 
consideraacm. 

A chemical pathmy analr- If YOU ha1= targntd a prOCeSS, you should Create aseparate pathway analysis for eachmajor 
wu pennrr p u  P, mdc a toxic &crmd used or produced by the process. If you have targeted a substance, you should 
m u c  substrnce from ehe crearc a scp;ustc analyns of the chemical's pathway through each of the processes in whch 
moment n emen your planc it is w d .  
m d n  porn  ar which n l a v a  
- wtnk hdplng you to loao Your h m l c a l  @way analyses will permit you to track a gven  substance from the 
31 of *mich it moment ~t enters your plant. through a given production process, to the time when it leaves 
may become a byproduct the process i~ a producr or rcs~dud byproduct, and even to the pant  it leaves your plant. This 
along the m y .  can help .mu to locate all of the points at whch potions of the chemical may become a 

byprodun. ~mducmg efficiency and perhaps causing a threat to worker health and the 
enwonmarl 

How To (Create A Chemical Pathway Analysis 

To a- a chemd pathway analysis. begin with a photocopy of the relevant process flow 
&agmmN ow take a pen and aacc the chemical from the point at which it enters the process 
to the pant cx plots ar wbch 11 leaves. In many cases - particularly if you are dealing with 
a volanie cbrrmlcal - you u~l l  find that the line branches in several places as trace amounts 
of the cbcmrcd art rel& to the environment, or as pomons of the substance enter into 
c h e m d  rearnoas and gnc nx to new products andtor byproducts. 

Your TLlR procers Ilou should include pre-process storage and handling and 
post-proccs handhg and marment. If it does not, then you should expand your chemical 
pathway a n a l l y  to mcludc rbesc sages. In so doing, be sure to use b r a n c h g  lines to indcate 
all possible loses. locludmg losses due w spills and evaporaaon. 

A Sample! Chemical Pathway Analysis 

The follou-mg &mul potbuay analysis tracks the pathway ofNickel Platrng bath through 
the metal phrnng pmoa of tbe paper clip rnanuf'acturmg process diagrammed in Figure 3C: 



Omce you have c a l ~ u t a c d  &e 

m o u r n  of h m n  rub- 
aonce winch you am uarng 
ud ch am&m whuh u 

conolnod In p u r  product 

you a n  d-rm your arrrl 
b y p m d u c ~  wwh r l m p k  

ar~chmeoc.  

However, you should keep an open mind about TUR alternatives until your team has carried 
out the fonnad optloas generanon procedure described in Chapter 4. 

Aside fron~ iu rmponance m identifymg TUR options, tb materials a c c o u n ~ g  process 
will x rve  as the k n  for mcasunng the success of your TUR process changes. If you do not 
determxne rh: voiume of touc byproducts which you start with. there will be no way of 
detennuung hou cffemvcl y those byproducts have been reduced. 

l7u.s v m o o  kgrns w ~ t h a d l u ~ u ~ ~ i o n  ofsomemdimentarymatenalsaccountingtechqus 
aimed a! gunmg r q d t a n v e  picntre of your byproduct generanon parterns. These 
rudunmup u c h r u q u s  qw hnle rime anduse readily available data yet may be sufficient 
to pcrmn to &a@ TUR oppommies. The section ends with a &cussion of a more 
complex m m d  uxl-~unang tool - the mass balance - which recpres more time a n d p s e r  
experoff A uuss brlurcx can provide precise, quantitative measurements of byproducts 
volumes abch  santnmes prove m e n t a l  in identifying TUR opponunities and which 
are n a d d  m adtr to makr accurate measurements of TUR progress. 

Rudimentary Materials Accounting 

You sbould bo r sqamc aura-& accounting for each substancelprocess combinarion you 
arc l o o w  P Lo ucb cw. Lbt fun task is to esnmate the total amount ofthe toxic substance 
wiuch eo6 up s r a emLSSion of the process under consideranon. 

You caa GUCULIC fbC amgm(UdC of the substance which ends up as a byproducr by 
dettmunrog the mount thc you uy and subuacnng l5om it the total amount that ends up in 
your IDr u changed rmo r 000-toxic substance by a chemical reacnon: 

B v e d ~  - Use - (Product + Cooverted in Reaction) 

Thrs formula w l l l  g~bv *arr Q volume of byproducts as defined under TURA. Under this 
dehocm. ttmz u oo need to murr~e cmrss~ons in order to calculate byproducts. This is 
because all cmrr+lopr - e n o  chose wbch are released directly from the production unit into 
rhc cnvmmmew - m rrgwtkd a byprodurn first. before they become emssions. 

The 'product m qucnrcm hem oced nor be a jna l  product of the son whch you sell to your 
cuaomers F a .  instance. y m r b  be d y z m g  a producuon process creates parts whch 
are used to bhncac r frnrl poduct lo that case, the "Product'"r would represent that 
pomon of rbr ~ l o u c  mpaul uPda mvestigation whch ends up in usable parts. 

The mfuuultlcrr wur term hrc collected at earlier dam-gathering sages should help you 
to dcnvc r q c b  anmu of thr unwnt of the toxic substance whch you are using and the 
amount wbcb ru amPrrYd m y o u r  p d u a .  If you are considering a substance whch ream 
wth  o tha  c k ~ &  &mag th process. atanng non-toxic byproducts. then you may need 
a chcrmcd pfa& m k i p  you csumiue the amount which is being lost in reaction. 

Gencnl mformroar aart toxrcs use should be contamed m the Chemical lnputs Database 
dcxnbed m Q ~ t p ~ r  3 1 Keep m m d  however. that thrs database concams informanon 
about y a n  ~ g p r g o u  use of each chcrmd m your  plan^ it may not tell you how much of the 
tomc s kmg Kud m tbc pamcular pocess under consideration. To denve a loose estimatr: 
of h s  more spmfic maprude ,  you should review raw material purchasing, delivery and 
sorage recab. m ~ r n a l  raatcnals W e r  records, and factory floor records such as job 
sheets and mu tickets. 



The dam wbcb your em has gathered may help you to make these sons of quantitative 
assessnents For uraarrce, if you have nm Woratory tests on your air emissions, waxer 
cfischargts or sol~d uana, then these test results can be used. 

R e m t  mcords may also provide valuable m f o h o n  about the quantities and 
concenaatloas of w u s  unrarons and wastes. Since emissions are nothmg more than 
byproducts whrch have left your  plan^ h data can be quite helpful. However, since your 
emissions often come from several production units at once. emissions dara may not be 
specific enoqgh for your TUR needs. 

Thm m!i a h  k nandard ~ndusuy measures which can be used to make sound 
o,,. oc rh. rr, . rrrcar. quantitanb-c tmmmts of b y p d u a  magnxtudes. For instance, there are figures for 
kl TUR o rh. calculaang evapcmw b z ~ s  fnw &greasers caused by variations in m l i n g  coils, covers 
d.r*lopmmc * accUnca and horn spends. S u n h i  y. tbm arc standard equations which can be used to calculate losses 
complua dara on mucr w a  
amlrraons. and byproductr. 

of elecaophng rolunau due to drag-out, evaporation and spills. 
These mi of s a d a d  LDdustp measures are somerimes available from industry trade 

groups. cbcmrd nrpphm. and chamcal enpeering reference materials. Kvou have rrouble 
f ind~ng rhu son of ~ d o r m ~ n o n .  or Mve omher d i m t i e s  amlvzing yourprocesses. you can 
gem profaunal k l p  bv mnrarnng OTA am (61 7) 727-3260. 

Conductilng a Plus Balance 

One of tbe &5 to a ~ c c t r r f u l  TUR program is the development of accurate and complete 
dam oo m x ~ a  use. ermnams. 4 tryproducts. Such data will pennit your rn to spot TUR 
oppcmmmcr ;cod to measure 4 document TUR progress. 

Om useful vchnrquc for unpv\tng your materials accountmg dam is the mass balance. 
However. k ~ u r s c  mass bltuvrc n e  rather difficult and time-consuming, you may wish to 
conducf tbcm ~oalv for tbe mort m o d  production units. 
The rum of r mass bhace u to dtrarmne the eventual fate of all of the chemicals h c h  

enter a gwcn pmhmcn wm Oumg m e  dettnntnate m e  period. The total mass of these 
mavnal-i mus k a a z x m d  for e~thcr as byproducts, products. or rnatenals accumu- 
lard m thc prr- umt Tbt rppropnatc e q m o n  is: 

M . u d  Impott = B?products + Products + Accumuhted Materids 

B e h  rhu ukukDoa a n  k rtacmpted the production unit must be defined carefully. 
For analynul ~rrrrpowr. tbr producaon unit can be thought ofas surrounded by an lmaglnary 
envelope. Tbt task. tbca. u m vcasnt  for all matuials which enter the envelope (i.e. raw 
maunals) a ktve tbr aa~bgc r Le. byproducts and products) during the m e  period set for 
the mass b a h a  dculrPlm Rrmtmba: emissions arc a subset of byproducts. 

At the cod olf dw parod dx mount of matcnal accumulated within the production unit 
should be m u r d  Tbt aannbm can then be plugged into the formula gven above. Any 
dxrqancy tn me rrarlang qumm rrprrstnts extha measurement erron or unarcounted- 
for maanal5 I f  rnpua are far brger than outputs. funher research may be needed to identify 
pvlousiy urn- soufus of byprodu~t~. 

The tune panod m for the mass balance should be a represenmarive period. Tha! is. the 
operanons and procases nandardly asociared wnh the production unit should all be 
performed dumng tbe p o d  for typical pomons of the total time. If not, the entire exercise 
wdl m prow& zn ?ccurarc ptmm of the process in questioe 
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invaluable in dcormlning how 
equtpmanr in your phnr really 
openm.  Whm in doubt u k  
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byproducts nnay be created - including shipping and receiving docks, storage areas, and in- 
house treafment and recycling sites. While at these sites, inteniew workers who handle and 
transpon toxic matcnals to insure that they are properly trained and that they follow sound 
housekeepmg pracnces. 

Do not siup an area simply because you already know it well. You must look at everything 
as if you have never x e n  it before, carefully reconsidering each part or stage of each 
production p m s s .  

If your tram has already come up with some prelirmnary TUR suggestions, make a list of 
them and dmribute a copy to each member of the team. Ths will permit you to discuss their 
feasibhry with worken and other team members as you examine the relevant processes fim- 
hand. You should also photocopy and &tribute all ofthe process flow diagrams and chemical 
pathway analyses whch your group has prepared, so that they can be checked against actual 
producnoo practices dunng the walkthrough. 

Finall?. bt! sure that che emire team wears whateversafe~gear is appropriate for the areas 
of the piam jou w l l  v w r  

Carrying Out The Walkthrough 

The overall pwpox ofthe walbhrough is to subject each detail of your production operations 
to fksh scruumy. As you e m e  each production step, ask yourself why it is done the way 
it is. and how: ~t mght be changed to reduce toxics use. 

Durmp the! wallahrou& team members should check your actual processes a g u  your 
p u p ' s  p e s  flow d n p m s  and chemical pathway analyses. Often, production unit. have 
been mdifiad so that they no longer operate as described in the o r i w  operaring manual. 
Make sure b a r  your d q r a m s  correspond to reality, and modify them where incorrect. 

Input from workcn can be mvaluable in determining how equipment in your plant really 
operaus. U'b~en m doubt. ask u.hy things are done the way that they are. It is important to 
understand t h ~ c  human h e n a o n s  of your production practices so that you can avoid changes 
wbch worka-s wffl find unpracncible. 

It is paracularly ~mponant u, Ltep your eye out for sources of byproducts which are not 
represented on your dugrams. Pay artention to fumes and odors which might indicate that 
toxic matenais arc esclprng . Look for possible sources of leaks. spills and evaporanve losses. 

Some tom,: byprodurn wil not be readily apparent, even during a walkthrough. For 
instance. unless you scbedde your rc.alkthrough on cleaning day, you may not actually scg 
spent c l m g :  flu& bemg produced, even though such fluids can sometimes count as a toxic 
byproduct. Bt surc to ask workers about equpment cleaning and maintenance procedures. 
If necessary. ~rtvls~t the produrnon unit when they are being carried out. 

Walhhrwghs often Lwd to a number of prelmmuq conclusions about where toxics are 
being lost sod what rmpht be done to reduce toxics use. As you ponder alternatives, keep in 
mind the full range of TtR methods: product refoxmulation, input substitution, process 
rnodernuanot~. process redesign. operat~ons and maintenance improvements, and in-process 
reuse and recydmg. (These are described in greater detail in Chapter 4.) Remember also that 
worker inurr~,cws can be invaluable sources of new ideas. 

As ideas arc generated. add them to your group's list of lUR alternatives. Use the 
walkthrough to b e p  to evaluate the feasibility of these possible changes. With the 
produrnon processes right in front of you, it is easier to visualize the possible side-effects of 
each proposal on workers, equipment and other production processes. 



Chapter 4: Identifying TUR 
Options 

4.0: Identifying TUR Options -- An  Overview 

At ttus pomt. you have developed a graphic understanding of toxics use parterns in your plant. 
You haw idclirified some of the costs of using toxics. located the points at which you lose 
toxic onaanal.~, and dettrmrned whch of these losses are most significant - perhaps even 
quantifying them. Y w  mav also have begun to develop a few ideas about process changes 
whch w d d  ~~cduce your rehaace on toxics. 

Now your *lUR planning efforts enter the creatlve phase. The object of this phase is to 
generate as complete a I r a  as possible of alternarives for reducing your use of toxics and/or 
your crcataon (of toxic byprodurn. 

Thls chapter dexrnbes a bmmmmmg process designed to elicit input from as many team 
members as possible. so tb vour TLTRoptions will reflect a variety of perspectives and areas 
of expemsc 73e brammmmg process is sbucnued to insure that your team considers all 
possibie rypes of TLR 

Of course. 11: 1s nor aiwor-~ ncctssary to go through a formal options-genemion process such 
as the bmnstormmg ~ s s l o o  described in this chapter. You may already be convinced that 
you h o w  wh31 ntedS to be done. In that case, all that remains is to implement the change. 

However. d~ most r)pld mistake at &us phase is to settle for an inadequately small list 
of options. Ka:p m mmd W r k  more optiomyou consider, rhe more likelyyou are ro selecr 
rhe one rhar IS berr/or your planr. 

4.1 : In-House Brainstorming 

It is not easy to ziper~fy one options-generation procedure appropriate for all businesses. After 
all, each busmcss has a hfferent corporate culture and different decision-makmg practices. 
However. lt u slaongly recommendedthat you begin your search for TURoptions withagroup 
brarnstormg r is lon.  

Group b m m r m m g  is designed to elicit input from all team members and encourage 
creative t h d a i g .  Since TUR brainstorming is very similar to the brainstorming done by 
qualify circles. many busmesses will find it quite famdm. 



4.2: Tile Six Kinds of TUR 

TUR can be acheved by a grew variety of means, ranging fiom complete productton unit 
redesign to stmple changes m work habits and toxics handhg methods. Massachusetts state 
law dass~fies these m o u s  methods into six generic kinds of TUR opttons. 

As m d  above. you can msure that your search for TUR options is comprehensive by 
organrrrng your tmmtorrmng so that you consider each of these kinds of TUR options in 
order. If you1 turn to oldside c o d t a n t s  for further help in generating TUR options (Chapter 

T~~ r~ 4.3). you s M d  make sure that these consultants also consider the full range ofTUR optlons. 
pur mmc umwcms fmm one Figure Jfi outluvs the nx hads of TUR as specified under Massachusetts law. 
d u r n  m urochr. but fril m 

IRE 4A: THE S I X  K INDS OF T U R  U N D E R  

STATE LAW 

1 .  Input: Substkuthn: H the toxic in question is used in the production 
process h e r  than in the product itself, it is sometimes possible to 
m p k e  it with a less toxic or non-toxic alternative. 

2 Prod~uct Reformulation: TUR a n  sometirnes be achieved by refor- 
muhang a final product so that the product is less toxic or non-toxic 
upon i 6 r  use, rdsuc or d-kqmsal. 

3. Process Radacfn: Toxics use or byproduct generation can some- 
times b e  reduced or diminated by developingand using pmduction 
machnteq ofa dMerent design than the machinery currently in use. 

4. R o c c l r r  M e m l r u i o n :  TUR can sometirnes be achieved by upgrad- 
ing or rrpluing pcodwmon machinery with other equipmentand 
metbods based upon Che same production technology. 

5. Improved Opentmm and Maintenance: TUR does not always call 
for s o p h m e d  technological innovation. Improvements in inventory 
control. m e r u b  handling, spill and leak prevention, personnel train- 
ing, a d o r  mamtetuxe  praaices can often lead to dramatic reduc- 
tions in chc use of toxics or the generation of toxic byproducts 

6. In-Prr~as Recycling and Reuse: TUR can also be achieved by in- 
process recycling and/or reuse of toxics. TUR recycling units must be 
integral to the production process. 



TUR product r d m u b d o n  
may parrn~t your company m 
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demand for "green" prod- 
ucts. 

FlGUlRE 48: EXAMPLES O F  T U R  P R O D U C T  

REFORMULATION 

I. The p i n t  muruficturing industry has made considerable headway 
in rtpkcingtoxic mineral spirits-based paints with alternative water- 
based h r m u l u  p o t =  Not dl wate~based paints are non-toxic It is 
imparcmt to  make sure that the new formula, however benign it 
sounds, b mty lass toxic than the old.) 

Z Paint manufacturers have also reformulated their products to  elimi- 
nate heavy maclb such as the titanium tmditionally used in white 
paints amd the d m i u m  taditionally used in yellow paints. 

3. Soma ink manufacturers have introduced water-based inks as an 
altema15ve to tndRiorul solvent-based inks. 

4. ?%eve is a cuchrrg-dge bend in the plastics industry to develop 
biodegradbk vepmbbbsed  plastics as an environmentally sound 
alterruche to tnditiorul petroleum-based plastics. 

5. Somcrtimcl, p d u a  reformulations can eliminate a toxic indirectly. 
For i n s a m e ,  sotno ma;l)wo&ing manufaaurers have eliminated toxic 
cleaning and pwmng processes by making metal parts out of stainless 
s t d  Such a change might be cbssified either as a product reformula- 
t b n ~ r i ~ a ~ r # - r r d *  

Input S u h t s o t ~ o a  Th DLII k d  of TUR for your team to consider is input substitution. 
The operanvc quesboo bm u C d d  any toxic raw materials be replaced wirh benign or less 
toxic ~ l l o s n t u ~ ~ ~ '  

hput  subrinartrons a n  be very amablve, as they can dramatically reduce your liability 
exposure and .dle\larr vour cn\uoamental compliance headaches. They might also cut your 
raw marenal purcbc coru and d q x d  fees. 

Figure JC pro\~bcs romc rul-world examples of input substitution. 



A process redes~gn changes 
your fundamend producc~on 
technology. ~nuoducing new 
pmdumon machtnery of a 

different datgn than your 
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FlGUlRE 4D: EXAMPLES O F  T U R  PROCESS 

REDESIGN 

I. A good example of a process redesign - one applicable to such 
industries as metalworking and electronics - is the replacement of a 
solvurt,-based paint stripping unit with a unit which strips paint with 
reunble abnsive blast media 

2. A second example - this one from the textiles industry - is the 
replacement of an dci-fashioned dying machine with a computerized 
dying uperation which conserves heavy-metal dyes. 

3. Somtc pulp mills have achieved TUR process redesign by installing 
ozone bleaching processes. thus eliminating their use of chlorine in the 
bluching process. 

4. Soma m d  phtslr have installed automatic barrel lines which 
permits wer control of plating processes Used with environmental 
ends in mind, such a line a n  significantly reduce the drag-out of 
huvy nie& 

5. Somcdmes, process rtderign can go hand-in-hand with other TUR 
techniques For inrtmcr, the abrasive blast unit described above 
(example I ) invokes an input substitution, for it effectively replaces 
solvents with b b z  me& 

6. Process rsdsugn myhl also go hand-in-hand with materials reuse 
(described bebw). F a  instance, some printers have extended the life 
of their *acid atchats rp to tenfold by installing specialized equipment 
to monirtor d amtinudly reconstitute their etchant baths. Similarly, 
some drtmiub and paint manufacturers have installed high-pressure 
wash q~uetns or arrrormtic squeegee systems to clean away and 
reuse mixing tank d u c s .  

4. Process ,M~odmiutioa: Slgntficant reductions in toxics use can often be achieved by 
up@mg or replacmg pducnon equpment to acheve greater producnon efficiency. 
Where these changes do not mvolve a redesign of the prcduction unit, they fall under the 
headmg of process modernuanon. 

When poodlcnng process modernrzarion techques, your team should keep the following 
quesaon m mmd. Are there wa-vs ro alrer, adjusr. modij'j or replace exisring producrion 
equipmenr In order to cur roxics use andlor roxic byproducrr? 

Process mcrdemzzion is actual1 y arather broad term. encompassing at least two different 
sons of changer. Firsr, it can include minor alterations or adjustments to existing production 
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companies wehch have yet to pay much anention to their toxics use patterns, dramaric 
reductions - sometimes as hgh as 50 percent - can be acheved simply by improving 
operations and maintenance practices. This can mean bottom-line savings without major u p  
h n t  costs. 

At thls stage in your group brainstorming, the operative question is: How might we reduce 
r k  needless waste of t k  toxic substances we store, rampon, handle and use? 

Improved operatlons and maintenance is a low-tech method for reducing toxics use. It 
requires rch~vely little tecimcal research, and does not tend to have a great number of side 
effects. 
All of dm (does not imply that it is e a p  to improve operations and maintenance practices. 

Work hab~u can acquur a great deal of inertia As a result, successful changes require 
concerted and sustamed commitment from workers and managers alike. 

Like process modernitanon, improved operations and maintenance is a broad category, 
encompasstng s e v d  som of TUR changes. Firsr, improved operations and maintenance 
can mean tl@.ter conuols of chemical inventories. Second, it can include improvements in 
rnatenais b d l m g  p m e s  - both during the production process itself, and during the 
loading. dmrdrng and storage phases which precede and follow the process. Third, it can 
mean changes m the qupment operations and maintenance practices. 

The followmg figure gves examples of the various sorts of changes which can count as 
improved operaaons and mamtcnance. 



CHAPTER 4: IDENTIFYING TUR OPTIC)NS ... 

Under Massachuseru law, 
recycl~ng only counu as TUR 
if IC is done ~n-proces. by a 
recycling unlc whlch u 

inregnl m h e  produrnon urur 
In whtch the roxlc subsunce 
i s  used. 

team to consider here is: Can any of our roxic byproducts be recycled and/or reused withour 
leaving r k  producnon procm? 

It is important to note that not all recycling counts as Toxics Use Reduction. Under 
Massachusents law, recychg only counts as TUR if it is done in-process, by a recychg unit 
whch is inte:@ to the production unit m whch the toxic substance is used. 

The reason for t h ~ ~  requirement is that off-site or out-of-process recychg requires 
additional handhg and ~ s p o n a t i o n  of toxics - either within a factory or between two 
plants, via pu.blic hghways. Thls additional handlmg and transportation can pose a threat 
to the safety and health of the public andlor workers. Thus, while recycling toxic substances 
is usually h a  forthe environment than simply discarding them, it is not the sort ofoptimum 
solution wbch TLX encourages. 

Some ewnples of TUR recychg are offered in the folIowing figure. 

111 FIGURE 4G: EXAMPLES OF T U R  RECYCLING 

AND REUSE 

2. A number of metalworking companies have begun to recycle their 
cutting oil by instailing closed-loop collection sumps into which spent 
oil a n  be skimmed of-soih treated with biocides, and returned to the 
process. 

I 

3. A corrlmon recyciing technique, applicable to a number of indus- 
t r i e s ,  is the installation of a hard-pipe sotvent still which is capable of 
restoring spent d r e w  by extracting oil sludge. 

I. One newspaper printing operation found it p m f d l e  to recycle its 
waste inks, adding b k k  toner and ink to reconstitute them as usable 
bhck inlc (This is N R  under the law if the recycling is integral to the 

H 4. Many  metal platerr have found that by increasing the concentration 
of metal plating solutions in rinse tanks - perhaps by restricting water 
flow - they can reuse nnsetank contents as make-up plating solution. 



Attlebom-based electroplarer with 11 employees, was ordering metal p a .  from Southeast 
Asia The mmuhcturer covered these parts in grease to prevent t a rn i skg  during shipping, 
andRehable lemoved the grease with solvents before using them. The firm eventually became 
aware that when the cost of degreasing was added to the cost of the imported parts, they were 
as expensive as comparable parts made by local manufacturers. Reliable switched to a local 
supplier whose pans amved clean of grease, thus cutting its solvents use in half. 

(b) Solvertt Substitution 

LLrk youmeL Do we ra l ly  
When clemng opentlons cannot be eliminated altogether, the next best alternative - 

netd dun much we particularly from a worker safery standpoint -- is solvent substitution. h t e chque  is 
do? Are h e  a k w t n e  applicable to a wlde range of lndustnal cleaning and smpping operations spanning such 
producoon pmcessu which indusmes as pmtmg. plasncs. metals f i n ~ s h g  and manufacturing, elecIronics. vehcle 
do not nqutre -we pans 
cleaning? Are &re thingx 
we currendy dun with 
solvencr whlch could be 
cleaned some other way! 

manufacnmng and aerospace. 
Solvenr rubstlnrnon can help ro rid your workplace of toxic vapor degreasers - the most 

common of u r h ~ c h  arc mchloroethylene, perchloroethylene, methylene chloride and 1,1,1- 
mchloroethane. Many common vapor degreasing operations can be carried out with readily 
available watc:r-baxd clunen. 

These new aqueous cleaners typically contain rust-inhibitors and hghly effecrive organic 
surfactan5 wtuch clevl unmersed metal parts without retaining contaminants in the cleaning 
soluaon. 011s; float to the rop of the cleaning tank and can be skunmed off; soils sink to the 
bottom aud cam be removed by filaation. In some cases, the result is an almost indefinitely 
reusable cleaner 

There IS ~ C I  foolproof formula for choosing an appropriate solvent substitute; the choice 
will depend upon the material you are cleaning, the n a m e  of the contaminants, and the 
technical demands of your produrnon process. OTA can provide information about aqueous- 
based c l ~ i ,  mcludmg use  mdies of successful applications and lists of suppliers. Call 
OTA at (617) 727-3260 for more mformation. 

(c) Solvent Minimization 

As long as vour plant connnua to use any solvents at all, you should pursue low-tech changes 
in your work pamces u'hch can help to minimize your use of these solvents. 

You mat  be- b) examlug  your solvent tanks to make sure that they are designed to 
minimize solvent ux Fa mnance, each tank should be fitted with a cover whch should be 
kept m p k c  when h c  rank u not m use. T h s  alone can cut evaporation by as much as 50%. 
You can also cut evaporstlon by using a deep, narrow tank with a small solvent surface area 
and a hgh fmlbaard r se3 hove  the vapor level). Another method is to add cooling coils 
for increaxd \,-apor condensanon. 

By pullmg ]pans from the tank more slowly, you can cut the amount of solvent "dragged 
out" of the rank I f  you have an automated cleaning tank, you may be able to reduce drag- 
out funher by idjusung 11 so char parts are held above the solvent bath and drained after they 
are withdrawn. (If your tank 1s operared manually, h s  same technique could pose a threat 
to worker health.) u d  ~f you spray solvents, you can cut evaporative losses by using a coarse 
stream rather than a very fine spray. 

You m a t  also wish ro ask yourself a number of questions about your cleaning practices. 
For mstance. Pue there pans cleaned in vapor degreasing tank which could be cleaned with 
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set up a cenual stanon for recychg coolants by filtering and coalescing tramp oils. The 
equipment cost SZ0.000 to install, and has resulted in annual savings of $8,000 in coolant 
purchase cms ,  S 10.000 m coolant disposal costs, and $8,800 in machinery down-time. 

Improved coolants management can help a wide range of metal working companies to 
reduce their llabilny aposure and tool replacement costs. cut their coolant purchase and 
dqosal costs, and lmprove the workshop environment by eliminating rancid coolant odors. 

On the other hand poor coolant management can lead to a number of problems. For 
instance. if coolants are not properly maintained, bacteria can breed in dead spots within the 
m a c h q .  wlhrre grit and sludge build up. Valuable production time and dollars can be lost 
in replacmp clmlants. Pooriy mainrained coolants can increase tool breakage and decrease 
product q d t y .  Ln addraon, frequent disposal of spent coolants can often lead to violations 
of effluent d~~charge  Imts .  

Therc arc a number of proven techniques for improving coolants management, including: 
(a) coolant sutatlrunon. (br coolant recycling; and (c) improved coolant maintenance. These 
methods a n  oAen mcrase  the life-span of coolants by two to threefold. 

(a) Coolant Substitution 

Due to reunt ad\-ances m emuls~on technology, ma~gh t  petroleum oils can in many instances 
be rrpLacuj w ~ t h  uaur-bastd coolants. These new coolants are made from emulsions 
coarammg bgh-prcssurc addmves and lubricity packages. 

hna l  prrtlmc costs of thesc emulsions may seem hgher, but once diluted to proper 
worhng coocenpanoas. thu wam-based coolants can be as much as 50% less expensive. 
They can also usher m reducaoas rn waste oil disposal costs and liabilityrisks, while reducing 
your w of mlvents for clanmg hands and degreasing parts and machinery. In a situation 
where larpc q u n t ~ w s  of coolant arc being replaced, this can amount to a significant savings. 

Sw~tchmg UI an e m S l o a  coolant can eliminate oil mist and smoke, improving operaring 
condrnons aucm the shop flm. Many facilities have been able to increase their speeds and 
feeds aftu con~rcmng to warm-based coolant. T ~ I S  is due pnmanly to the better heat-transfer 
propemes and lbwcr ~ucosay  of the water-based coolanrs. Increased production rates spell 
funher savings ro machroc d Labor ame. 

(b) Coolanl: Recycling 

Coolant rccvckng vchmqua w stretch the life of coolants dramatically while helping to 
extend tool hfe. rmprovc product quality, decrease purchase and &sposal costs and improve 
worlung coadrtloas for employees. 

There arc matnv trchoolog~es avarlable for recycling coolants. One of the best techmques 
is to reclaun coolanu throuph a combination of particle filtration and centrifugal separation. 
F i l m o n  can be, uxd t o c l ~  the largermetal chips created by grinding, milling andother 
processes, whle cenmfugmon can remove remaining metal fines as well as hard-to-extract 
emulnfied 011s ;and some baacna  

The bca place to d l  metal c h p  screens is at the coolant enuances to work station sumps. 
T g c r  end-of-p~pc screens can bc placed at the central collection tank if coolant sumps cannot 
be modtfied. 

If your m l a n t s  arc contaminated by floating tramp oils, these can be removed by using 
a belt or dtsc P m m e r  Belt skunmers have the advantage of depositing waste oils duectly 



CHAPTER 4: IDENTIFYING TUR OPTION s... 

3. METALJ USE REDUCTION IN PLATING LINES 

By uslng less rinsemrcr. 
dnged-our menls can be 
concentnced in a smaller 
volume of war. making K 
much ester to recover metals 
or reuse men1 plaong 
soluuons. 

Howard H. Sweet % Son. Inc.. an Attleboro jewelry manufacturer with 125 employees, 
responded to grouvlg rcguhory pressures in 1985 by investing in a virtually closed-loop 
metals m o v ~ r y  synem wbch dramaticallyreduced its toxic byproducts. The system, which 
recovered 263 troy ounces of gold and more tban a ton of copper in the first year, paid for 
itself in less :than 12 months and henceforth saved the firm more than 5 100,000 per year. 

Anotha P ~ u l e b b a s e d  silver plating firm has employed a metals recovery system to 
reclaun more! than S 100.000 per year of silver dragged out of its plating solution. 
These finns are rwo of a growing number of jewelers, metal platers and printed 

circurtboard mnanufacnrrrn whch have used TUR techniques to reduce the concentration of 
heavy m e d s  m tbeu wyuw.atcr while simultaneously saving on metals purchase, treabnent 
anddlspod costs 

Metals mlnunusnm uchmques can be broken down into three general categories: (a) 
water cmsenanoa, (b I plaung solunon recovery; and (c) metals reclamation. 

(a) Water Conservation 

Since wpn ts DO( toxrc. vl(e~ to[l~mation does not itself count as toxics use reduction. 
However. m anany rases wser coaservation is the first step toward effective metals recovery. 
By uslng less dragged-out me& can be concenuated in a smaller volume of 
water. maiunlg I t  much easier to m v e r  metals or reuse metal platlng solutions. 

Thm arc a1 oumtxr of rlmpk ways to conserve on rinsewater. One of the easiest ways is 
to madl u ~ c d l e d  "dng-out- ranks (still-water rinse tanks, as opposed to running rinse 
tanks, &wtti y a f k  rh: planng barh tank and before the running water rinse-tanks. Thts 
insures th! pans emcr tbc ruxuuag nnsewater cleaner, with fewer contaminants. 

Rmsc-~cl. can aha b cansmed by placing flow-resmctors on running rinses, and by 
using Mcourucr-cumat m s q -  The idea b e h d  counter-current rinsing is to connect 
nmning W M  nusetads so h t  nnsewater flows through each of them in sequence - in the 
opposite duec.t~oo of pochbcnoa ime work - before being lscharged as wastewater. The 
rclanvely c l u s  m o t r  from tbe final tank is thus reused in earlier rinsing stages. 

Beforc anv m p  IS mrlt to recover metals from rinsewaters, all efforts should be made 
to prevent pL;rturg roluwo bum "draggmg out" into rinsewater to b e p  with. Some 
common tcchtuquts for m a c q m g  drag-out can be found below, in the section entitled "Life 
Extension of (heals ad Chem~cal Baths." 



Ion exchtange technology uses nannal or synthetic resins which can recover high 
percentages ( 90-95?.0 b of chromium, gold, silver, tin and zinc from spent rinsewaters. Ion 
exchange mcs are qute durable. use little energy and work wirh relatively dilute rinsewaters. 
If you wish to install an ion exchange unit, make sure that you choose the resin appropriate 
for your appl~icanon. and that you install a carbon filter before the ion exchange unit so that 
it does not become fouled ulth organic contaminants. 

IC is a genenc TUR pnciple 
char c h e m ~ a l  barh life should 
be extended wherever 
possible chrough such 
techn~ques as dng-in and 
drag-our managemenr 
improved bath malnocnance 
and barh regenenuon.  

4. LIFE EXTENSION OF CHEMICAL BATHS 

IBM has extmdcd thc Ilfe of acnmoarum persulfate etclung bath by devising a protocol for 
the addinon of fresh etchants m order to maintain constant and precise pH levels. IBM bas 
also begun to ncgrnente spent jcld etchants by bubbling ozone through them to reverse the 
oxidaaowrcdu~mm r t m n  whch normally smps the etchant of oxygen. As a result. toxic 
erchant barhs u bch u-ex oace dscarded every 12 days have been in continuous reuse for 
several years. rmd h\e come to be known among D M  engineers as "immonal etchants." 
Tens of thousands of dollars ha\ e k e n  saved m etchant purchase costs. And because parts 
are no longer eitcbed poorly rn the period immediately before baths are discarded, IBM has 
significantly reduced the number of parts whch must be rejected, nemng anorherSJ.5 million 
in savmgs. 

The "unmomi achants" ux IS one particularly dramatic example of a generic TUR 
principle: w k t  possible. extend the life of chemical baths. T h s  can be done by a variety 
of means. mclurlmg rat dmg-m and drag-out management; @I) improved bath maintenance; 
and (c) bath rcgrrneration 

(a) Drag-In ,and Drag-Out Management 

"Drag-out" refers to chemlcal solutions dragged out of a barh together with the parts or 
materials mareti m the bath. "Drag-inS'refers to chemicals whch enter a chemical bath with 
the parts or matends tresed in it. Together, drag-out and drag-in can quickly deplete or 



(c) Bath Regeneration 

Many compantu underan- 
mate rhc amoum of mxic 
substances which escape inro 
the factory anvlronmem 
dur~ng sronge and handline. 
due oo such facron u lulu. 
accidental spills and evapon- 
don from impmpuiy rmred 
chemicals. 

The life of many chemicals can be extended by adding reagents, stabilizers and other key 
components when needed. For mstance, fixrng bathsused in the commercial printing industry 
can be stretched by addmg ammonium thiosulfate, which makes the bath effective at hgher 
silver-sammon levels. 

Chemcal baths can also be Nstained through a variety of filtration techniques. In-tank 
f i l m o n  IS parncularly safe and effective, as  it does not interrupt production processes, nor 
does it g v e  rlse to the spill and leak potential associated with out-of-tank f i l m o n .  There 
are a wde  array of r ehve ly  inexpensive (3400-$1400), commercially available in-Qnk 
filters - some! of whch pcrfonn such additional functions as bath treatment, agitation, surface 
contamxnant ~kunmmg and tank bottom vacuuming. 

If you lustall a filter. make certain to use the filter cartridge most appropriate for the 
applicanon a! hand. For mstance. it is usually best to use the coarsest filterwhch can remove 
the cornmoo cmtamtnnnts m your bath. as these filters will last longer and permit greater flow 
rates. If youare f i l m g  out organ~c compounds, itmay be best to opt foracarbonfilterwhich 
will min~mal. o rgan~u  h ld -up .  

In many caxs. filters should be run even when the bath is not in use, as impurities are often 
dragged m m ' m  rapidly than fihers can remove them. 

In addram1 to filuanoa. there arc a variety of other means for removing impurities from 
chemlcal battts. For m e .  commercial printers can reclaim and sometimes reuse their 
fixing bath by ~lslng an elerpoly~~c recovery unit to remove sliver fiom it. 

Srrmlarfy, spent etchants can be regenerated and reused by a number of processes - 
includmg elecmlync removal of wane metals. If you are discarding such etchants, you may 
wish to look at the costs of make-up chemicals for the baths, pH balancing chemicals to stay 
in complwnce w ~ t h  Irrmts. and the value of metals which might be extracted fkom 
your spent etchants aad sold back to a metals reclaimer. These figures often underline the 
economc wlsdom of lnvesang lo an etchant reclamanon system. 

5.GOOD HOUSEKEEPING 

Many compames undercs~natc the amount of toxic substances whch escape into the factory 
environment clumg s t o w e  and handling. Slow leaks, accidental spills, and evaporation 
from imprope11 y stored h m c a l s  can add up to significant losses. These losses are not only 
costly and uw:ff~cient - tbcy may also pose a threat to worker health and safety. 

Often. smpk and dram3acally effective TUR can be acheved by introducing sound 
chemical housekaplng pracuces. Good housekeeping is a form o f l U R  whch applies to all 
toxics usen - regardless oftheu nzc or b e  ofbusiness. It can include: (a) improved chemical 
inventory management; tb) unproved storage and handhg  practices; and (c) spill and leak 
prevention. T t ~ s e  goals a n  sometunes be promoted by employee training programs and by 
introdurnon of loccntives for clean practices. 

This IS one of manv areas m whch worker cooperation can be critical to your TUR efforts 
- and one more reason to mciude workers on your TUR team. 
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FIGURE 4H: COMMON TUR TECHNIQUES 

I. CLEANING ALTERNATIVES: 

(a) aim~naoon d Uurnng Opendons: Clean fewer materials. 

(b) Solvent Subsuaruon: Replace organic solvents with aqueous-based cleaners. 

(c) Solvat: Minlmizaaon: Cover u n k .  Minimize solvent surface area. Use high 
freeboard. Remov. pam slowly and dn in  well. Consider two-suge cleaning process. 

(6) Sd*a. Rco*r).. b e  solvent disdllaaon or other m& (decanuaon filuadon. 
enporaootr. cmmfugal purrfiaoon). Consider vapor recovev. 

Z COOULNT ALTERNATIVES 

(a) Codmr Subsoaroon: R.pIac. oil coolano wirh water-based coolano. 

(b) CooW Rocycltnr C0tud.r cenwifugaoon. f i h d o n ,  oil shmmlng and chip spinning. 

(c) b d r m l  Msvmrufur Conduct thorough machine cleaning and regular pumping of 

sumps. Hamarn coohnt-rrc.r noor .  Consider ion exchange. 

3. N E T U S  USE REDUCTION IN PLATING LINES: 

(a) Waor Comwnmom Lh. dnw unk  and counter-current rinsing. 

@) Plrorp Wvwn Rear). U1. direct dragout return. Gruider cold vaporization. 

Aim for d o d b o p  p 4 q .  

(c) M.ob Rchnu- Cans& Jcrro lyac r u o v u y  and/or ion exchange. 

4. LIFE fh7EN510N OF CHEMICAL BATCIS: 

(a) D n e h  and DraeOut Rrnrpmenr Achieve lower surface tension. Reduce viscos- 

ity. l m d  c k a p w  onk. drip boards. bafflu. eu. Remove pam slowly and dn ln  well. 

(b) Improvrd &dr Mumo-c Monlo~r solution purity. pH, cunpenwre and ocher 
panmec.rr Carstdu mchamcal aglation. 

(c) Barh Rqpumoon. Us. magemu. subilizen and ocher additives. Consider filmtion. 

e lecodpu  d o r  o d w  badr m p n e n n o n  occhniquu. 

5. GOOD W O I K E K E E M  

(a) Ctmm~al l n m c g  Mamgemenr B y  chemials u needed. Use in order received. 

@) Impromj Sewage and Handling: Minimize mff ic and maintain proper swnge 

condloom. i r m n  4rkm tn macerulr transfer. 

(c) Spill and L u k  Prwenaon: Replace lmkng equipment throughout plant- Tn in  

work- and offar Incmnva for spill m~nimrution. 





Chap te r  5 :  Evaluating and 
Select ing TUR Al ternat ives  

5.0: Evaluating and Selecting TUR Al te rna-  

tives -- An  Overview 

Y ourtum has now pavrattd a comprehensive list ofTURaltematives for the substances and/ 
or pnxcses  under coaadcrauon The next step is to evaluate these options and select one 
or more for unplementatlm. 
Ths d u p e r  pmenrs an evduat~oa method which b e p  with a series ofi'screens" which 

any opum mun sunt te  m order to be considered truly feasible. The point of these screens 
is to h r t  the number of full-fledged analyses which your team will have to do, as such 
analyses arc tune-consurmng However. it is important not to eliminate options too hastily. 
In many -i. successful T L R  rcqlllrts a creative exploration of options which seem 
~mpractlcal a~ fira glance 

At any rsu. once th lkld of alttrnanves has beennarrowed, you can submit the remaining 
TlJRpqmsah to a m m  d d e d  scrutmy, examining theirtechnicalmerits and compatibility 
with managcnal goals and vorkm practices. Most TUR teams will also wish to submt 
compemg proposals IIY a dcrrslled f i n a n d  analysis in order to determine whether upfront 
expcn&nrrrs a r c  ecc~lormcally justified. An adequate financial assessment may require, 
among other &ID@. a b l e d  e\aluaion of costs whch many firms lump together under the 
generic hedmg "o\mbcad" Pan 3 of th chapter describes such an assessment technique. 

As these e\:alustlons arr wrned out  it wdl stan to become clear whether the provisional 
TUR goals u-tuch your lesn has set (Chapter 2.3) are either overly ambitious or overly 
modest. You ;may wub to firm up your goals as you see what kmd of improvements are 
feasible at your plant 

The e\;ilusnw poctss recommended m h s  manual is outlined in Figure 5A. Each ofthe 
steps IS hscw4ed m grrjtcr d e a l  m subsequent parts o f h s  chapter. Of course, the particular 
series of sate11~ and etaluauons outlined in this chapter might not be appropriate for every 
company. Your uun may wsh to modify the process by adding or subtracting criteria to 
reflect your firm's envuonmenral goals and business objectives. You may also wish to assess 
your processes usmg the same cntena that will be used by upper management to decide 
whether the project should be funded. 



5. I :  Screening TUR Options 

You mlghc find d u c  w m e  
opuons are w sartghdor- 
ward. inexpens~vc effecrlve 
and easy m implemcnc thar 
no furcher usessmenr IS 

meded In order to approve 
rhsm. 

Before your team meea to bcgm assessing TLJRaltematives, it may be wise to give each team 
member a kt of all opaons under consideration, together with a copy of Figure 5A. This 
should provoke thought about the feasibility of various TUR alternatives, helping to make 
your firs opnons assessment meering as fruitful as possible. 

Your team probably z.111 not be able to complete the evaluation of all options and select 
a course of mnon m om amng. A thorough technical and financial evaluation of the most 
promising optlons d l  usually requrr% considerable research. The goal of your first options 
evaluaaon mcrpng sbouid k to screen out unacceptable options and narrow your list of 
alternanves u, thox w h &  arc most deserving of further attention. 

As you mrow th Ira of candidate TUR changes, you should be able to determine what 
data you atU treed u, complete your assessment and choose a course of action Appropriate 
team members can be wlgacd to secure this infomation and report back to the group. 

It is also a s d  &a to keep a permanent record of the options which you consider, and 
of your rczcas for rqecnnp. tbose whch you do not implement. T ~ L S  may help you to avoid 
reinvenmg rk u-beel m tunuc yeus. as your 'TUR program grows. 

Options Pre-Screening 

Tlx tim & IS to p through your 1 s t  of alternatives one last time to make sure that each 
hlk undrr the mbnc of Toxia L'sc Reduction. 

The ke qmsum hcrr s wtuther the change promises to reduce the use of toxics and/or 
the genuJtloo of blproducts u tbe source. Screen out any options which merely shift toxic 
byproducts from ooc warp nr r~n  to mother, or which treat or recycle byproducts after they 
have already I& the produchoo unn These may be worth implementing - but they are not 
TUR. 

You might ;rlso fmd thu maw opoms are so stmightforward, inexpensive, effective and 
easy to implaxlent thar DO fmkr assessment is needed in order to approve them. 

Technical Screening 

The task here u to clrmrnac opaons which are not feasible h m  a technical point of view. 
If you have p r a m  e n p e e n  oa your TUR stafi, they should be able to help you identify these 
options. 

Some opoocls can be nrkd au u n m e b l y  because they simply cannot be achieved- even 
gven u n l ~ ~ ~ t e c i  rtsourcss Other opnons can be ruled out because they call for equipment 
whch IS om coauncrcullv a\alable and cannot be developed in-house. 

Financial Screening 

The pomt of rhrs satang ~s to clim~nare options which call for capital outlays far beyond 
the means of your firm. ?hLs step should not require detailed financd analyses - that will 
be done at 3 1YC:r stage. Provided that you have a rough idea of the costs and benefits of each 
proposal. you should already be m a position to identify and rule out those which are much 
too costly to m'ent further anention. 
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Technical Assessment 

If an option requrm commercially available machinery, you may want to assign a team 
member to look into the aack record of the equipment and its vendor. Where possible, it 
usually pays to vislt a s t u  where the equipment is in use or to obtain the equipment for a trial 
run. If t h ~ s  is mposs~ble. you may wish to contact users by phone to query them about their 
experience. I t  may also be wise to determine whether the vendor handles upkeep, provides 
techtucai ass~lstance, ensures the availab~lrty of spare parts, andlor offers an adequate 
guarantee. 

me sure slch opoon ThlS is a h  the ame to rule out options which might have adverse side-effects on other 
cornparibla W I ~  your produaion machmuy or processes. Make sure that each option is compatible with your 
produrnon 14 *rob hodurnon rartcs and work pamces.  Also. investigate any possible effects on defect rates, 
p n c o c u .  Also. lnvuogafo 
any poss~ble effects on defece 

prodm appwlranee d product quahty. 
ntcs.  produa appearance Therc arr also a number of p o t e n d  logistical problems which must be foreseen and 
and producr 4uallw. addressed For msance. be s u r e  that you have or can install the appropriate utilities (electric, 

process wata,, w l l n g  wacr. coolant fluid, steam, fuel) for any new equipment, and that you 
have enough space to house rhe eqwpment and store any required supplies. Similarly, if the 
change rtqrunts m-bouse iaboratwy testmg or analysis, make sure that you have the facilities 
to handle tbc !task 

When c q p m n g  van- opt~ons. you may also wish to take into account the amount of 
producam down-tune each would cause. 

Managerial Assessment 

It IS cnucal to assas h e  fit of each option with your firm's managerial goals. This son 
of connderancm can o h  k declsrvc in choosing and gaining approval for TUR changes. 

If your firm1 has tssutd a T L .  Policy Statement or if your team has set TlJR goals, you 
should coasdcr whabcr b e  popxtd changes are consistent with the statement andlor goals. 
You may also uuh to assess p t a p o ~ d  TUR changes for their compatibihty wrth quahty, 
efficiency and .safety gods. mulcang plans. community relations concerns, and otherrelated 
management auns a d  pama 

It isalso u n ~ t o m t  m * c ~ &  tbe comparibihty ofeachproposed change with the work habits 
and talents of e m p l o y  Sane N R  production changes will require technical consultants 
or new pcrsomnel m orda m k mplemented successfully. Such personnel requirements 
should be taken mto r c m u ~ t  when comparing TlJR alternatives. Other changes in work 
practias arc &tficulr m nstam If you are considering a change which requires significant 
changes in pro<lumoa worktr pracaces, you may want to consider an employee training a n d  
or incenave prlqzmm to encourage worker cooperation in malang the change permanent. 

Often, TUR changes r q u r e  susamed cooperation among different departments. If you 
are considemg such a change. you should ask yourself whether the cooperation is possible, 
and whether lt w g h t  be enhanad by openmg new lmes of communication among departments 
or by manng ;n new mtadeparrmental task f o r e  to monitor progress. 

Fmally. tt  IS wonh considering the effects that the change will have on environmental 
paperwork and c o m p b c e .  Usually, &.IS effect will be purely beneficial. However, in some 
cases a TLX change may require new environmental permits or give rise to new compliance 
difficulaes. Ttus possibiliry should be explored before a decision is made. 



lnunglble coso - such u 
worker sick days. community 
relations, corponte  Image 
and unployec m o n l e  - have 
a red borcom4im impam yet 
do not knd rhansdva  to 
precise measurement. 

into two traditional accounting categories: direct costs and indirecr cosrs. As the name 
implies. h c t  costs are those which can be assigned directly to a particular product or 
production urut. 7 h s  caregory has traditionally included such costs as equipment purchase 
and installanon, production down-time, labor and raw matenal purchases. 

I n h c t  (or "overhead'? costs are those which cannot be assigned directly to particular 
produas or pmducrion units. This category has uaditionally included such costs as 
maintenance. waste aearment and disposal, environmental reporting and permitting, shp- 
ping and receiving, training, engineering, business planning, quality assurance, workers' 
compensanon insurance. energy, water, and fueI. 

You should also consider the effect ofproposed changes on two other categories of costs: 
i m g i b l e  cosrr and lrabilily cosn. 

Intangble ams are those which have areal bottom-line impact yet do not lend themselves 
to precise measurement. For instance, since employees respond favorably to clean, safe work 
environments, your TUX changes should help to improve employee morale. Better employee 
morale 1s an m m g b l e  benefit, as ir usually heIps to boost productivity and profits -- though 
it is vlnuailv ~unpossible to quantify ttus bouom-line effect. Other examples of intangible 
TUR kne f i a  ~nclude rtduced worker sick days, improved community relations and 
improved coflmratc mage 

L~abilrr).. on the other hand. is not an actual cost but a potential one. It is the cost faced 
by those comlmes  w&ch are found k b l e  for darnagmg the environmenr, or for harrmng 
public or uporker health, due to accidental releases of toxic substances. Under federal 
S q m h d  leg~slanoa. companies can also be held liable for dean-up costs of disposal sites 
t h y  have mi. 

Becausc 11 represents a f inand & and not a concrete cost, liability is difficult to 
quantify. However, s m a  11 fi a cost capable of badmpting an othenvise healthy business, 
it cannot be ignored by an adc~uav financial analysis. 

In or& to draw up a comprehensive list of the costs associated with your current 
produrnon prr>ccsscs. you may wxh to begm with the process flow diagram which you 
prepared dunng the Pmes Cbaracterizarion and Analysis phase of your work (see Chapter 
3.3). ' l k s  wdl help to organur your thought by permitting you to consider in turn the costs 
associated wttlh each dsana sage of the production process. 

The process flou dnpam already contam a full list of the raw materials which are fed 
into your prodr~rnon pnxcss The purchase costs of these raw materials constitute your direcr 
marerials cosrr, whk tbc wages and benefits of the production line workers who run the 
process arc termed dveci hbor wsn. A1 many firms, accountants will already have calculated 
these wsts for each produa or production process. 

Unfonurwrc:ly. tbc other coas you are interested in- that is, indirect costs - arenot usually 
measured separately under M n o n a l  accounting practices. For instance, the labor wsts 
associated wtth  en\ronmcntal recordkeeping, fines, permits, compliance monitoring and 
reporting arc mal lv  counted as  overhead, yet these costs are often reduced significantly by 
successful TUR.  The same mghr be said for the costs of uearment, W s a l ,  workers' 
compensation :lasurance. worker safety training and protective equipment and water use. 

A compreheas~ve hs ofthe costs associated with agivenproduction process should include 
all of the matcnals, labor and utilities which c o n ~ b u t e  in some way to keeping the process 
running. The !;ample !m provided in Figure 5B shodd help to get you started. 



CHAPTER 5: EVALUATING AND SELECTING TUR ALTERNA~ES.. 

It should be noted tha! in smaller firms, the indirect labor costs might be harder to list. as 
the same person might carry out several different tasks whch are related to keeping the 
production cmit in operaon. For mstance, the supervisor might handle quality assurance and 
environmen.ta1 comphce .  However these various labor costs should still be listed 
separately, as aredurnon in any ofthese tasks will fiee up tune for other productive activities, 
and thus should be counted as a savings. 
This lin also o m s  several potennally important cost considerations, including produc- 

tivity and byproduct sales. If you are considering a TUR change which will alter the 
produrnon rates of your equpmen5 then t h ~ ~  cbange should be considered when calculating 

w ~~"hdcri~ a TUR costs and benefits. Likewise. if the change under consideration would create or e h k t e  a 
thane whch *rill alter h e  saleable byproduct. then tius revenue should be figured into your financial calculations. 
producoon nm of your 
equiprnenr h e n  this change 
should be consdered when 7 
calculaong cosu and 
benefits. TI;RA NOTE: Under TLTRA, an acceptable Toxics Use Reduction Plan must 

anal- the econormc unpact of toxics use in each production unit. All direct and 
indrrect material and labor costs must be considered, inc luhg  (at least) the 
followm~g cost cattgones: 

(1 Purchase or manufacaurng costs; 
(2) Smrage. acnrmulanoa. mamen5 disposal and handhg (of toxics materials 
4 byproducts); 

(3) C80sts assocratcd with compliance with federal, st. or local laws and reg- 
ulimons ( incluhg fees. taxes, treatment, dqosal, reporting, labelling, etc.); 

(4) Worker health and safw ( incluhg protective gear, lost employee time, etc.); 
( 5 )  Lnsurance costs; 
(6) Potentla1 llabiliry costs (need not be quantified); 
(7) Lun commmry goodwill and sales revenue lost to non-toxic competitors 

(need not be qwnaficd). 
Usmg h s  data cornparues arc to quantify the total annual cost ofeach toxic used 

in each producnon u t .  and the total cost per unit of product. See Appendw 1 for 
further d h l s .  

(b) Identifying Operating Costs Which May Change 

Once you Ibve generavd a comprehensive list of the operating costs currently associated 
with the pro~ess targeted for change, the next task is to identify those costs whch might or 
would be changed by rbe TUR proposal under consideration. In the language of financial 
accomtmg. the task IS to slngle out all of the differential costs. 

T h s  step IS not e s v  to reduce to a foolproof formula However, you should be able to 
identify diffelrnual costs by combmg through the comprehensive list of costs which you have 
just generawl and applyrng your knowledge of your production processes and the TUR 
alternmve. h3 the process. you should be able to identify a set of operating costs which will 
d e h t e l y  change and others whch are relarively likely to change. 
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FIGURE 5C: SAMPLE DIFFERENTIAL COST LIST 
(Probable d~fferentd costs between the paper-clip manufacturing process in 

Figure 3C and the same prcess after the introduction of aqueous-based cleaning) 

a Cleaner solution purchases (decrease) 
b. Hydrochloric acid purchases (possible increase) 

2. DIIFFERE.MUL DlRECT LABOR COSTS: 

a Roducnon line employee wages and benefits @ossible change) 

3. D D T E R E W  INDIRECT MATERLAL COSTS: 

a Dqmd(&crra~! 
b Trrarmcnt m b l e  increase) 
c. Environmental taxes CrURA may fee decrease) 
d. Marntcnance (possible increase) 
e. insurance (possible workers' compensation decrease) 
f. Office nrppLus (probable marginal decrease) 
g. Proass wa!rr (neghgible increase due to make up cleaning solution) 

4. DEFEREYIIAL CYDlRECT LABOR COSTS: 

a Enwonmend (Possible decrease'in time spent on Fonns S and R) 
b Qual~ty assurance lnspeaors (probable temporary increase) 
c Trammg persome1 (possible decrease in time spent on safety training) 

5. DIFTERE37UL DTANGlBLE COSTS: 

a U'orkcr slck days (possible decrease) 
b Cornmurun relanons (possible improvement) 
c. Corporarr unqe (possible improvement) 

6. DIFFERE?i?LU. LUBILITY COSTS: 

a Lrablllry for worker health suits (decreased exposure) 
b. Supafund Lability (decreased exposure) 
c. Toxlc Ton Liability (decreased exposure) 
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Y w  should wy to bnng u 
many differenual c o s u  as 
p o u ~ b l e  w c h ~ n  che trope of 

your quanuauve  analysts. 

R o w d e d  char your n u m k n  
a m  dependable. h s  w l l  add 
w rhs ~ d t n l l t y  ud usslul- 

m s  of your aven l l  f~ runna l  
ana lys~s .  

benefits rate Ifor the son of work which would be added or eliminated. (hourly benefits rate 
= annual con of benefits per workerhours worked per year) The annual dfferential can then 
be figured by addmg hourly wage and benefits, and multiplying the sum by the number of 
extra houn of work whch would be caused by the TUR change. (Direct labor differential = 

Chourl y wages + hourly benefits) x exua work hours)) If the TUR change would reduce labor 
houn, then the extra labor hours should be a negative number, and the resulting differend 
negative (i.e. a potcnnal savmgs). 

Where posnble. you should to bring other differential costs within the scope of your 
quantitanve amalyns. Provided that your numbers are dependable, this will add to the 
credibllrry axxi usefulness of your overall financial analysis. 

There arc iL n u m b  of mdirca material costs which can sometimes be quantified. For 
instance. by x:cunng vchrucal data on new equipment wbc  h would be installed under a TUR 
proposal. you might be abL to calculate the annual cost differential for elecmcity, water, or 
other unhnes. Slrmlarl y, ~f you know something about the rehbility record ofthe equipment 
you are c w s v h g .  tbtn you might be able to gauge maintenance cost differentials. 

There m y  also be mhrea labor costs whch can be brought within the scope of your 
quanntaavt anaiysls. For insrance. if you can determine the amount of time spent by 
employees ur lillmg UUI regulatq reports or applying for permits wbch  your TUR proposal 
would n z k k  unnecessary. tben you can include these indirect labor savings in your 
quanntaave analysis Tbe sane goes for time spent by laboratory personnel in testing and 
analyns a MDe spent by managers in fulfilling OSHA requirements for safety mining, 
hazard cornmumcanon aod emergency plannmg. In each case, the appropriate mathematical 
formula u the same one used for &a labor costs. 

T o p  w an example. suppose char yourTUR project wouldeliminate aparticularhazardous 
waste whrch y m  now send to the landfill. Your conversations with environmental personnel 
reveal &a! (among othr dungs) t h s  would e h i m t e  two hazardous waste shpments per 
month. and ch;o eacb s&pment q u i r e s  two manifest reports w k h  take an environmental 
engwer  1 ._( b u n  each to complete - hours wbch could otherwise be productively used. 
Suppose fimhcr tharth &ages a z ~ !  benefits ofthe environmental engineer total S3Ohour. The 
i n h a  bbor coa ckfftrenrul for manifest reports would then equal S2,160 per year ($30 per 
hour x 1 5  hours per muufea x 48 manifests per year) 

You mav aha have qwufiable cost differends arising from changes in byproduct sales 
revenues, deprrcmcm allowances or production rates. If the l U R  project in quesrion would 
mate or elmmaze saleable byproducts. then the change in byproduct revenues must be 
counted as adtfbcnnal cxs If the project calls for new equipment with ahigher depreciation 
rate than old cq lupmt .  then you may wish to count the consequent tax savings as a 
differend cost F d l y .  if your TUR proposal would alter production rates, then you will 
have to paiorrr~ some ratbcr del~cate calclllanons to determine its net effect on your business 
- as it mght affect borb yxr operating costs and your ongoing product sales revenues. 

It is not easy to quannfy those cons which aaditionaliy fall within the caregones of 
intangible o o s  or Ilabhty In most cases. these costs will be weighed in the qualitarive 
pomon of tht financral assessment. There have, however, been some efforts to put numbers 
to these cons. For msrance, a 1988 study conducted for General Electric by ICF Technology, 
Lac. e m  the avenge babil~ty cost of landfilled hazardous waste at S354 per ton. For 
landfills that ha.ve a hstory of l& or are located near urban areas, wells, or groundwater, 
Wi l i ty  exposure was eshmated to be higher by as much as 50%. 

The emmaaton of potennal lubihty has not become a widespread practice in part because 
the numbers e n d  to be unreluble. and in part because companies have feared that they would 
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The Qualitative Analysis: As noted above, you should smve to quantify as many costs as 
possible without &llmnp the rehabdity of your financial analysis. However, most TUR 
proposals w~ll haw some Merential costs which cannot be quantified accurately. 

These uquanufiable costs should be included iu the qualitative portion of your financial 
analysis. l h s  quahtanw analysis may prove instrumental iu choosing among othenvise 
equally amamvc opaons or in justifying projects which stand at the edge of your firm's 
capital budgcang cnvna 

The u n p c ~ ~ n c c  of r k e  cons should not be underestimated simply because a number 
cannot be pn to thun For mstance, it is usually not possible to quantify the fines. lawsuits 

Many bus~nesses have and cnmmal pcnaltles wbch may accompany violations of environmental regulations, yet 
recognrzed q u a l ~ a o v a  C O S ~  they can p ;b coasderjble dent m profits, and continued violations can lead to a forced plant 
coruldanclons by slackanlng shutdown. Sunhrty. 11 u Qfficult to provide a reliable figure for the future costs of 
thew standard capiat ~upedimd c b r r p s :  touc torrs or worker comr>ensation settlements - vet these costs can 
I n r e s u n a t  m t c n a  for T o x ~ a  
Use Reducuon prolaas.  

cripple even the hedthrest busmess. 
Many brciumscs h v e  rccoeplzed qualitatwe cost considerations by slackening their 

standard q r a l  mvcament cntena for pollution prevention projects. For instance, if 
standard unprovcmcnts m work efficiency must have a three-year payback period, projects 
whch nducc: toucs use m~gbt oaly be required to pay for themselves in four or five years. 
k son of krnrcnoc b e s  rnn occesady reflect aheightened environmental conscience - it 
may zlso k m nrne ~7th b e  lzrvrtns of corporate profits. 

If your TLR a d -  arc to be submitted to higher management for review and approval, 
then your qdltanve trial yscr u paracularly important, as it provides a vehicle for pointing 
out tbe many unquann fiable b o a a n - h e  considerarions which bode in favor of TZIR. This 
pornon of thc: f inand  a n a l ~ s  +bould mention a number of lands of corn: 

+ CortJ which might porribJy be changed by the project; 

* Costs which w i U  k chngd. but by an unquantifiable amount; 

+ Liability crporurr, 

The qu&t;mvc analvslr usuailv takes the form ofa briefwritten document which e x p h  
why the p r o v  u k t !  to lead to various possible costs and savings, and (where possible) 
estimates th Ilkel! magmmdc of these costs/savings. It might also contain a discussion of 
the hbiliry nsk rrducncm vhrch can be ushered in by successlid T'UR 

(d) Determining the Total Capital Cost ofyour T U R  Project 

The next m hour f h n c u l  analysis is to weigh all of the up-front costs associated with 
~mplemcntantm of your l7-37 project. This is pamcularly important for projects which 
recp.~~ subnsad =ap~ui Investments m new equipment. research and development, or plant 
expansion 

The cap~tal costs of your R J R  project are those one-time costs necessary to plan and 
implement the produmn process change. Figure 5D lists the capital costs which might be 
a r s o c d  w ~ t b  a pplcal TUR project. 
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Your chances of gsmng funds 
for TUR pqecrr  MU be 
greudy enhanced if you 
understand rhe poliocal 
id~osyncnslar of rhe a p ~ u l  
budgenng process at your 
ftrm. 

assessments of the project(s). In particular, you should recapitulate your findings about the 
project's effem on marketing plans and quahty goals, its compatibility with employee skills 
and habits, and its role in the company's efforts to comply with current and future 
environmental regulanons . 

It m a y  help to supplement the final report with information about health, safety, and 
environmental effects ofall recommended changes. You might also wish to include atimeline 
for project mtplanenranon, with estimateS of production down-time and projected consmc- 
tion schtdulcr. 

Of course. success m the capital-budgeting process usually involves much more than just 
a convinang final repon Your chances of getting fimds for TUR projects will be greatly 
enhanced if you understand rhe political idiosyncrasies ofthe capital budgeting process at your 
fkm. For mmnce. it may help to enlist the support ofkey managers by educating them about 
the potmaal benefits oftoxic; use reduction. It may also be useful to solicit the active suppon 
of all depamnent heads who would be afiected by the change. 

Even what a projeaprormses to pay for itseIfrapidly, it may not be funded during a given 
round of capital budgermg a l l d o n s .  'Ibis can happen for many reasons. For instance, your 
firm may have oothn pnontics at the moment, or there may be a temporary shortage of funds. 
Ifa ~ c a l l ~ v  amacavc and financdy sound option is rejected, your team should be certain 
to mubrmt n during tbe next capital budgeting period. 





Chapte r  6: Implement ing 
Projects & Tracking Progress 

6.0: Implementing Projects and Tracking Progress - 
An Overview 

Your team his  now evaluated selected and - where necessary - secured approval for the 
implementanon of one or more TUR projects. The next steps are to implement the change(s) 
in a way wbc:h ensures theu swamabd~ty. and then to measure and document your progress 
in achtemg IT-X rcductlons. 

The unplemenratlon of a TUR project may involve worker retraining, process redesign, 
procurement (of new qurpment. ! n s a k i o n  work, andlor product research and development. 
These changer must be plauned carefully, in order to coordinate the efforts of all affected 
departments and pasonoel 

The lmplemenmon pnxws does not end when the new equipment and/or new work 
practices arc m place. Successful implementation means making the change workable and 
permanenr Your TLX lum can unprove the odds of success by staying in touch with a.U 
affected worC;.crs and handlrng any drfficultles whch may arise. 

One of the most cntlul elements of yourteam's follow-up work is to measure your TUR 
progress. Such mevurcments will help your team to document and reproduce successes, 
learn h m  hlurcs. and g w  the data needed to secure approval for future TUR projects. 

Once your ~ttsn tm camed out its first TLJR project, it is important not to lose steam. TUR 
is best purswl through wnmued incremental changes, each reflecting the proven technolo- 
p e s  and caprtd resources available ax a given time. 

With escb pro~ect. your TLTR team should become more knowledgeable and more 
effective. By s m g  vour commitment, your TUR team can help to build a company-wide 
awareness of 'IUR as a responsible and cost-effective approach to induscnal toxics, while 
malung concrete producnon-lme changes with a positive impact on the environment. 

6.1 : Implement ing TUR C h a n g e s  

Some TUR changes require relatively little planning and can be implemented as soon as 
approval'ls secured. In general, changes in work procedures and processing parameters fall 



T U M  NOTE: Acceptable TURA plans must include an implementation 
schedule for all planned TUR changes, together with c a l ~ o n s  of the expected 
reductions in mxics used and byproduct generation associated with each change. 
Bienmal plan updafes must e x p h  any failures to meet past impIementation 
schedulles. See Appendu 1 for more information. I 

Measuremono of TUR 
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6.2: Measuring TU R Progress 

In order to develop a summed and effective program, it is extremely important to measure 
your progress m toucs ux reduction. Such measurements will help you to document your 
successes amd farlms. learn from your experiences, spot fresh opportunities for TUR, and 
gam the son of results-oncntcd data which may help in obtaining approval for additional TUR 
projects 

TUR progress u n  be m u n n t d  in a number of ways. Some measurement methods are 
relanvelv easy and rrquuc hale data-gathering, yet they are imprecise. Other methods are 
more p e c l x  but rcqum more nme. 

It IS possible to me- vour progress in loose, qualitative terms. For instance, youmight 
confirm that use of cenvo mxlcs or production of certain toxic byproducts has been reduced 
slpficantlj .  wthout quannfyng the precise degree of reduction. For some purposes, a 
rough esnmau of rectumon percentages might suffice. 

The shoncomrng of such a qualitarive measurement technique is that it may not supply 
aclnnate enough dam to f i l l  out Form R's and Form S's, spot new opportunities for TUR, 
or conmce urpper management that your TUX efforts have met with success. If you wish 
to masum y l w r  pmgcss *ah more precision, you should measure changes either in the 
quantiry of uuxlcs used or m th quantity of toxic by-products generared. 

Your cho~ce of a m ~ a t  t c c h q u e  might hinge on the availabdity of data If you 
have ready access to data m th quast* of toxic substances used in the processes you have 
modified tbero yau mgfit u d  to measure progress by tracking use reductions dxecnly. On 
the other had. ~t rxu) be uonh generafmg additional data to track reductions in toxic 
byprodurn. as thrs IS LBc mczantment me thd  mandated by the Toxics Use Reduction Act 
CnmA). 

Wtuchever. m e W  you choose. you will need a c m e  before-TUR and after-TUR daq 
and you si l l  have to adjw yourmeasurementstoaccount for the effects of extraneous factors 
such as changes m tbe n u s  at whch vaxious produrn are made. 
k manual d c s c l b a  a method for measuring reductions in toxic byproducts. T ~ I S  dara 

will not onl y help you to trrrd; TUR progress - it will also help you to understand the precise 
effects of -your TLIR changes, and to spot fresh opportunities for additional reductions in 
toxics use. Tbou firms subject to TUR4 planning requirements are required to use ttus 
method for reporang their TUR progress. 

Durmg the anal>ncal phase of your TUR planning (see Chapter 3), you used basic 
materials acccsunnng tools to quantify the magmtude of the toxic byproducts created by the 
processes you were mvesngmg. T h s  dara will give you the baseline you need to measure 
your TliR prcpess. If you have not already quantified your byproducts, make sure to do 
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Gauging TUR Progress 

Once yw h\ c ijcnt~ticd an y.ptopnare urut of product, you can use the dau generated 
by the mstcrtu, ~ : ~ u r n f m g  b w  d ~ d  m Chapter 3 to create a baselme for measunng l U R  
progress 1'01:: m u c d  .a c a r m p  dau should tell you hou much toxic byprcducts your 
pre-TUR prwts i  15 crcmng during a glven pencd of m e  If you hvlde h s  amount by the 
total uo~u of prt*lu.-r ;rcJreJ Junng the same pen&. then you wlll have the before-TUR 
byproducr m e w  wamr u ~ c h  your TUR achevements can be gauged P 

The after-??_R rikur u g c n e a d  m much the same way You w11 need to engage ID a 
fresh anal\- ot \our m d n d  production process, drawmg up process flow hagrams and 
chemcd  pal^ 3 k  s e  rJentlhmg all pomtsatwbch byprodumare released, and usmg 
maxenals x c ~ r m ~  ~r m s  balance measures to assess the mqmtude of those byproducts 
If you need ro rctrclh \our memory on how t h ~ s  1s done, refer back to Chapter 3.1 

Once )ou Al\c unplemenred )ourTUR change, youcangauge your progress by measunng 
the total mou:t st v k  toxl: substance wh~ch 1s released as a byproduct ofthe alteredprocess 
overagl\cn pendofrune.and dl\ ~dmgthat figure by the numberofun~ts ofproduct creared 
ober the jyne t~me  pen& Thfi u111 gl\e you your post-TUR byproducts per umt ofproduct. 



byproducts without actually reducing toxics use. As long as this sort of change falls under 
one of the SIX caugones of TUR techniques, it counts as TUR under the law. It may also 
be very laudable - pamcularly if the toxic breaks down into benign components. 

TUR should noc be a one-shot 
affatr. QUIQ rha opposm: 
your fim TUR pmlem shouM 
prow& d n  s o r t  of lclrnrng 
axptnence no& rm make 
your oaun nmm proficla at 
ident~fyrng. plann~ng and 
arrytng out N R  ctunges. 

TUKA NOTE: Measurement of progress is required under TUR4's annual 
repomng reqmmcnts  (Tom S). These reports must identify all production units 
at the facbty. specify the unit of product for each production unit, measure the 
byproduct reductions a&eved for each toxic substance used in each production 
unit. and idcnafv the hnds of TLJR that have resulted in byproduct reductions of 
5% or m m .  Thcx redumons are expressed in terms of a Byproduct Reduction 
Index. whch represents the percentage reduction achieved in byproducts-per-unit- 
product. These reduction percentages, in.turn. are measured in tenns of annual 
byproduct mapndcs. and mdexed against byproduct magnitudes from a base year 
spec~fied on tbe form. 

Fom S also & for the annual reporting of an Emissions Reduction Index for 
each toxlc subaaoa  m each production unit. This latter figure represents the 
pertcnugc rcducncm acheved in toxic emissions whch are attributable to the 
pruductlon umt 

73u rtcy ro accurate measurement ofprogress under TURA lies in the selecrion 
ofqprc>pnarr jwodvcmn umts. products and units ofproduct. The law permits a 
wick degree of hrudt m applying these categories to your fachty. Each firm 
should seek to des~gmc production units whose products can be counted in a way 
wfuch ptrmlu meanrngful mcvurement of TUR progress. That is, products must 
be dlvuible rnto mu of product with relarively uniform toxic byproducts or 
r e h v t l  y u f o r m  tox~cs use 

For mstana, the law pcnrzlu firms to group slmilarproduas together as families 
of produuts. w b c b  can be u c a ~ ~ d  as a single product These groupings will usually 
h d t r  tbc mevurrwnt  of TUR progress unless each member of the family is 
producad w t h  tbc same technology and can be counted in some way that yields a 
similar pr-unit nu of touc byproducts or toxics use. 

See Appemiu 1 for more mfonnanon about measurement of progress under 
TURA. 

6.3: Documenting TUR Accomplishments and 

Sustainiing Commitment 

From the bcguuung. thu manual has presented mxics use reduction as a new way of tbmking 
about your produrnon processes - one whch should lnform all aspects of your production 
planmng on <an ongolng basls. The manual recommends the creation of a TUR team to 
insnrutlonalm th new way of thmkmg by spreadmg awareness throughout the firm, 
analyzing t o u u  use in production processes, identifying and evaluating 'IZTR options and 
overseelug the unplementation of TUX changes. 

If TUR LS to take root and prove genuinely successful in your plant, it is critical that your 
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planmg process from the bepming, in order to insure that l U R  measures are built into the 
final result. 

Your ream can also enhance its effectiveness by staying abreast of new l U R  technologies 
andproductlon techmques whch might help to reduce your firm's reliance on toxics. T o b  
end. you sho~uld trade ideas with other finns pursuing TUR, send representatives to trade Eairs 
or expositiorls focusl~g on environmental technologies, and stay in contact with OTA and the 
Toxics Use Keducnon lnmtute at the University of Massachusetts at Lowell. 

Rememk tha! TLJR alternatives take shape against the backdrop of pending regulaaons, 
shithng cosu of raw materials and dqosal. and changing public concans and customer 
demands. It IS mportant to be aware of any changes in this environment which might help 
you to idcnafy new TUR opportunities or to make a case for TUR changes which might 
previous1 y have been unauractive. 

In these ways, TUR is closely related to the much-discussed notion of Total Quality 
Management. Like Total Quality Management. TlJR requires the active and sustained 
commmncnt of a wde range of personnel: fiom top management, to purchasers, to research 
and development personnel, to production line workers. Both sorts of programs also call for 
continuous rncmental improvements, each of whch moves your firm closer to the ultimate 
goal ofbcst posslble qual~ry or of least possible toxics use and zero toxic discharge. And both 
requlrc a>nttnuous rcconsideraoon of new techques, technologies and cost fktors which 
might make fksible tbe further improvements which yesterday could not be anained. 

Witb tbc nghr comb-on of enthusiasm, persistence and sustained commitmen& your 
team can slowly bulld corporate-wide awareness of TLTR as an environmentally responsible 
approach to nidurmal toxlcs wtucb is sensitive to the bonom-Line concerns of business. In 
the process, you can help to make concrete production-line changes whach WLII haveapositive 
impact on worker health and safety, public health, and on the natural environment we al l  
sharc. 





Appendix I: TURA Require- 
ments and This Manual 

A I .O: TURA Requirements and This Manual -- An 

Overview 

As noted m the mfmdumoe TUR is not only a new business practice and a new mindset for 
thlnhng about enwonmental protection - it is also a new approach to environmental 
legislanon. 'To dare, more than one dozen states have passed legislation requiring businesses 
to carry out 'TUR or other dose1 y relared pollution prevention iniriarives. In July of 1989, 
the Massachusetts kplannc unanunouslypassed the Toxics Use Reduction Act (lURA), the 
h t  and one of h e  most amblnous of these stare poliution prevention bills. 
TURA. wtuch upas developed in close cooperation with i n d m  leaders, requires large- 

quantlp usen of touc mavnals to report on their use of toxic substances, and to undergo a 
planning process atmed st ~dcnafying and evaluating TUR options. TURA sets "a statewide 
god  of reducmg tox~c waste generared by 50% by the year 1997 using toxics use reduction 
as the preferred me= of mccang h s  goal." Other goals o f T U U  include: establishmg TUR 
as the preferred muns for regulatory compliance, promoting the competitiveness of 
Massachums mdumy. and coordumng state environmental programs. 

Th.s general-purpose manual is designed to help launch successful l U R  programs at all 
h4assachusct:ts u m t ~ o n s  whch use toxics - both those which are required to do TUR 
planning by the n a u ' s  Toxlcs Use Reduction Act (TURA), and those small-quantity toxics 
users not covered by the Law. The aim of tlm manual, then, is not p ~ c i p a l l y  to help 
businesses mlcet the lemr of the rURA plann~ng requirements, but to promote TUR as a new 
way of th~nlung about manufamrmg processes and their impact on corporate finances and 
the envuonmenr The anphas~s u on helping businesses to create and sustain in-plant TUR 
programs wh~ch ldennfy and act on TUR opportunities. 

However. whle h s  manual is not focused specifically on c o m p h c e  with TUU, it 
should prove qrute useful to any firm seelung to understand and meet the requirements of the 
law. OTA's experience mhcates that forming a TUR team and launching the sort of lUR 
program descnbed in tlus manual is the most effective way to accomplish the kind of toxics 
use reducnon encouraged by the law. Tlus remains true whether or not your firrn plans to 
retain an environmental consulrant to help you comply with TURA. 
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recycling only counts as TUR if it is integral to the production unit in whtch the toxic 
substance is used. Tbe reason for this requirement is that off-site or out-of-process recycling 
requires handbg and mnqxmmon of toxics - either within a factory or between two plants, 
via public hghways. lhs handhg and transportation can pose a risk to the environment, 
as well as to public and worker health. Thus, whde recycling toxic substances is usually better 
for the environment than s ~ p l y  discarding them, it is not the sort of optimum solution which 
eliminatrs the thrwt posed by toxics by cutting them off at the source. 

It is wonh menuonrng a few other kinds of production changes which do not count as 
Toxics Use Rrducnon. For mstance, on-premises treatment or incineration of toxics is not 
a form of TUR Lhw1sc .  any production change which shifts risks from one medium (i.e. 
air. water. hdfi l l )  to another does not count as TUR 

Who I s  Subject to TURA? 

TWL4 planluag aad repomng requirements apply to firms which meet all three of the 
followmg muna: 

Process or manufacture at least 25,000 pounds or otherwise use at least 
10,000 pounds of subrances regulated under T i le  Ill of the federal Superfund 
AmcndmaTt and R c u r h o n z l w n  A a  (SARA). From 199 1 to 1993, the act was 
expand4 gnduaky to nclude all substances regulated under b e  federal Comprehen- 
w e  Ennronmcnd Response and Compensation habiliry A a  (CERCLA). Addiuonal 
h u a l s  may be ddcd to or deleted frwn the list at the rare of no more than 10 per 
y e w  at fht d u c n t ~ ~ ~  of thc TUR Council. 

Employ I0 or morr full-um employees (or the equivalen~ where I full-time 
empbyee = 2OW work houm per year.) 

Fall within Standard Industrid Classification (SIC) codes 10- 14 (mining); 20-39 
(manuhrmg):  40. 44-49 (auuporation. communications. gas, electric. and saniary 
senices) K1.5 I (whdcnk uxde); and 7273.75.76 (certain services). 

Compama uhlcb meet czll rhree of these criteria are categorized by the law as Large 
Quantity Toxics L'm (LQlTs). Tbcse firms are required by TURA MGL Chap. 210 to 
file annual qms u b c b  dctul thexr use of listed substances and document their ongoing 
efforts to reduce or e h r r r a u  thelr dependence on these substances. By July 1, 1994, each 
of these busmesses m u a  berrlop and certify a Toxics Use Reduction plan with specific two- 
year and five-.year rtductrm goals and a detailed implementation schedule. These plans must 
be updated ermry two vears Semon A 1 3  of h s  Appendix explains this plannlng process 
in some d d .  Tbc Addendum contam the TURA Planning Regulations (3 10 CMR 50.00). 

All Massachuscas toucs users whrch do not meet the above three criteria are categorized 
as S m d  Quantie T o l i a  Users (SQTUs). AAer July 1, 1995, cenain SQTUs which falI 
into dt51&nattd 'pnonry user segmentsn may also be subject to TLTRA reporting and planning 
rrquirernents. . 

Tbe implementanon 0fn;R.A is funded by an annual fee levied on all LQTUs. based upon 
the number of people they employ and the number of chemicals they use a! above-threshold 
levels. Tbrs fee coven DEP's regulatory and enforcement costs associated with ?ZTRA, 
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Under the law. a product u defined as "aproduct, family ofproducts, an intermediate product, 
afamily of intennecitau products, or a desired result or afamiiy of results." It is worth giving 
a good deal of thou*! to the approprme specification of products and production units, as 
these p u p m g s  udl probide the M e w o r k  for your TURA planning and your annual 
progress reports. A jwbcious division of your plant can help make your TURA plrmning 
efforts more effecnve and your annual measurements of progress more meaningful. 

Essennally. thae are two ways in which firms can gain flexibility in chvidmg their plant 
into producnon mu The first is by deciding whether to consider related products singly, 
or to group them togetha into a family of products. By considering each product singly, 

A ,udiclous dins,on of your a finn can &mde ~ t s  plant tnto a large number of distinct production units. On the other hand, 
plant lnw pmducoon unto by grouptng products mto m e s ,  the number of production units can be minimized. 
a n  help make your TURA Firms czo also gun flexlbllity m designatmg production units by counting desired results 
planntng ef fom more and intermediate products among their products. These categories are broad enough to 
effemve and your annual 
musuremenu of progress include tbe ourputs of many pt-ehwmy manufactumg stages. Thus, by specifying 
more muntneful. producncm ~uuts m enns of tntermediate products and desired results, firms can achieve a 

" 
more fine-toorhd &\ad &\slon of their processes. Alternatively, they can reduce the 
number of p r o d u c ~ n  unlu by considering only final products and results. 

From th po~nt of b l e w  of papcnvork simplification, it may appear artractive to ignore 
inttnncdutl: products and p u p  tintshed products into asmall number of large families, thus 
minmmng !the number of podurnon units on which you must report each year. However, 
broadl? defined pfdumoa unm which encompass several different toxic chemicals and 
technologies arr k l ?  to confuse your efforts to analyze processes, pinpoint wastes and 
ge- n=R alternulves More mportautly, broad production units are likely to make it 
impossible to measure TLTR progrrss m any meaningfid way. 

In & % d m g  your plant rnto produnion units, it is especially critical to designate production 
mu for a%nch r c b v e l ~  coasrvrt correlations exist between the volume of toxics used or 
gencratcd as bypfoduc. and thc amount of product produced. As was explained in Cbapter 
6, u tbc key to meaningful measurement of TUR progress. Of course, the constancy of 
ths corrckm utll d e p Q j  in pan upon how you decide to count your product - that is, on 
what unit af prodma you ~cltcr However, if you draw your production units too broadly, 
including w e h  them p d u , u  u hch are made through disparate production technologies, 
then there an\ be a, *a\  of counting products which will render a relatively constant 
correlanoo bch*tcrr LOLICS use or toxlc byproduct generation, and units ofproduct prduced. 

In general. you un poup produrn together in one family of products ifthey do not differ 
significantly m the tccbmlogxs ured to produce them, the amount of toxic chemical used in 
producrng tbem. d the amount of toxic byproducts generated while producing them. One 
way that m e s s  u m e h  under 'TURA is by tracking reductions in toxic byproducts, so 
it is especdly mtrd vcxl p u p  together only those products wbch produce particular 
tox~c byprduas  a! sunllv ravs 

The !id task rn the b v s l o o  of your plant into production units is to specify a unit of 
product for each pafucaoa urut. Thls must be done because your TUR progress cannot be 
measured marungfull) through raw measurements of toxics use or byproduct generation. 
Such mevmments  cyl duft due to factors having nothing todo with TUR - such as changes 
in producnon mes or m the average slre of products. In order to render your byproduct data 
useful, you must rclare it to the total number of units of product produced. For TURA 
repomng purposes. this is done by keeping tabs of toxic byproducrs per unit ofproduct. 

The key h r e  u selecting a unit of product which produces a constant per-unit magnitude 
of tox~c b?products. Such a wt of product may be expressed in t e r n  of pieces produced, 
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One of ehe most trnpaonr 
mps your firm a n  rake o~ 
lmure long-term TUR 
progress is m supplement 
your current recod-keep~ng 
so d u r  you have complete 
and accunte dam on mxia 
use. and on byproduct and 
erniss~ons genenuon. 

production process; that is. you may have to draw up process flow diagrams and conduct 
chemical pathway analyses in order to identify all points at whch byproducts are released. 
Then, you wid be in a position to use materials accounting to measure the magnitude of those 
byproducts. Provided that you have informarion about treatment efficiencies, you can use 
these byprodua magxutudes to gauge your emissions magmtudes. (If you needto refresh your 
memory on how these steps are done, refer back to Chapter 3.) 

Once you haw calcalculatcd your annual byproduct and emission magnitudes, you can divide 
them by the total w t s  of product produced during the reporting yearto gauge your byproducts 
per unit of product. aad your emissions per unit of product. You now have the information 
needed to fill out your Form S. 

The foUocv.mg fonnula wdl yield your Byproduct Reduction Index (where A - Base 
Year Byprodlu&mt Rodum and B = Repomng Year Byproducts Per Unit Product): 

B-yproduct Reduction Index = 100 x 
A 

The e m r u l m  redurnon lndex can be measured with precisely the same formula (where A - BaK Year :Ermss1=5mt Roduct; and B =Reporting Year Emissions Per Unit Product). 
When mcasurmg r r p o m g  year byproducts, keep an eye out for byproducts or emissions 

arising £ran w u n a n c t  or cleanrng operations which are not performed routinely. If your 
repomng-ve. dam rdkcts waac from these operarions and your base- year datadoes not, this 
may cause vcw to undastsc your progress. Such anomalies can be noted in section 1.4 of 
the Form S 

TbR4 does not rcquyc firms to install new monitoring equipment to gather the data 
req& for lURA rrpomng insttad firms are asked to use the best informarion they have 
on hand Howem, m e  of tbc most mportant steps your firm can take to insure long-term 
TUR prolprrr is to supplement your current record-keeping so that you have complete and 
accur;nc dara oa toua use, and oa byproduct and emissions generation. Whaiever your 
record-lteptng uchnrqws. TL7U requires all firms to maintain on-site records of the data 
used to pcrfolrm the caicvlrmolu required by the Form S report. 

Trade Secrets 

Any m o o  lnciudtd m the Form S reports is available to the public unless the firm 
requests aade secret auw for that specific piece of information. Then, it wiU be kept 
confidennal umlea DEP dacrmmes  that the information is not a trade secret. 

There is a 5 y  for reqummg trade secret starus on the Form S Cover Sheet. In order to 
quaI~fy as a W e  ncm. mformanon must meet specific criteria spelled out in Department 
of Environmental R o r t m n  reguiauons (3 lOCMR 3.30). 

In g e n d  the forms should reveal nothmg of interest to competitors, as they include 
neither tbe quannry of product or byproducts or emissions produced. They contain only 
percentage changes m byproduos and emissions per unit of product, and these numbers 
cannot in general be used by competitors to determine how much of any given chemical is 
belng used by or released from your plant. 



change in toxics use, and percentage change in bpoduct  generation. (See Chapter 2.3 on 
goal-semng and Chapter 3 on marerials accounting) 

(b) Production Unit Information 

For each producrron unlr d?e 
plan must ~nclude a process 
flow diagnrn which provides 
a visual reprrrenurion of ehc 
movement of mucs d i n  
d?e producwn wt - boh 
hose which flow into rha 
process u n w  marerials and 
h e  which a n  ehc process 
u byproducu. emlsslons or 
products. 

(i) Process Elow Diagrams: For each production unit, the plan must include a process flow 
diagram wbch provides a visual representation of the movement of toxics withm the 
pducaon  unit - both those which flow into the process as raw matenals and those which 
exit the process as byproducts. emissions or products. The diagram must represent each step 
inthe manufaicnmng process, including waste w m e n t  activities and recycling activities that 
are not integd to the production unit. The number assigned to the production unit for Form 
S reporang purposes must appear on the process flow diagram. (See Chapter 3.3 on Process 
Flow Dlagams.) 

(ii) Current and Projected Toxics Use and Byproduct Generation: The plan must include 
the fotloumg matcnals accounmg figures for each pduction unit (i) the total amount and 
the amount per unit of product. of each covered toxic manufactured, processed or othenvise 
used; (ii ) tbe total amount and the amount per unit of p d u a ,  of each covered toxic generated 
as a byproducx; (iii) tbc total amount, and the amount per unit of product, of each covered 
toxic released or transferred off-nu as an emission. (See Chapter 3.1 on data-gathering and 
Chapter 3 4 on mavnals ~counrmg.) 

(iii) Unit of Product: The u t  of product whch has been chosen for each production unit 
must be ~dcnttfied m the plan. (See Chapter 6.2 and section A1.2 of this Appendix.) 

(iv) Purpose Sewed by Toxic: The plan must contain a statement explaining the purpose that 
each touc s a w s  in each wt of product. 

(v) Byproduct Measures: For e3ch byproduct identified on the process flow diagram, the 
plan mun mclude tbc amount mmxi on-site, treated off-site, recycled on-site, recycled off- 
site, dqoscd of on-uu, dqwscd of off-site, or released. (See Chapter 3.3 and 3.4) 

(vi) Emission Measures: F h  each emission identifiedon the process flow dagram, the plan 
must mclude. for tach cn\uonrnental medium, the amount released to the environment, 
transferred off-slu, tread off-s~u. recycled off-site, or dtsposed of on-sue or off-site. (See 
Chapter 6 2 )  

(vii) Cost ofToxia Use: The plan must include the cost of the use of each toxic, as calculated 
in the financlad analysu pornon of the plan. (See below, A 1.3, section 'c') 

(viii) Byproduct Reduction Gods: The plan must include two-year and five-year goals for 
the Byproduct Muchon Index. reflecting the expected impact ofthe TUR techniques chosen 
for implement3non. (See Chapter 2 3 )  

(c) Financial Analysis of Toxics Use 

For each toxic used in each produrnon unit, the plan must include the total cost per year and 
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capital budgeting procedures. 

*An examination of the relationship between the option and other applicable laws and 
regulations, includmg but not lirmted to whether implementation of the option will violate 
any other laws or rcgdanons. 

(iv) Evaluations Which Need Not Be Completed: Toxics Users need not complete 
evaluations of o p m  wh~ch are clearly technically infeasible, clearly financially infeasible, 
or which arc not likely to result in reductions m toxics use or byproduct generation per unit 

The phn must describe st& of product. 
opcion chosen for impkmen- 
odon. deail h C O S ~  and (v) Optioos ;Not Chosen for Implementation: The plan must describe each listed option 
savings associacod wich ir. which will be hpiemcnted, and explain why the option was not chosen for implemen- 
and k c  h heucoom in tation. 
mxia use and byproducc 
genenuon wh~ch are 
upe~d rault - be (vi) Optioos Chosen for Implementation: The plan must describe each option chosen for 
opcion. implementauon. detail tbe costs and savings associated with it, and list the reductions in toxics 

use and byproduct generatloo wh~ch are expected to result from the option. (From above- 
described Options Evalllatlon) The plan must also include an implementation schedule. (See 
Chapter 6.1.) 

(vii) Incomplete Evaluations: If the evaluation of a particular option cannot be completed 
in time to k subrmned with the plan. the plan must include a description of the option, an 
explaoanon as to wby the evaluation remains incomplete, and a schedule of steps which will 
be taken oo canpleu the evaluarion. 

(e) The Plan Summary 

'NRA p h  zue not subm~ned to DEP but remain instead on the plant premises, subject to 
DEP inspectlm. However, a plan summary must be submined to DEP by July 1 of the year 
in which the plan LS due Thc summary must include: 

(i) A copy of the plan catification statement. 

(ii) Expected Facility-wide Changes in Toxics Use and Byproduct Generation : Tweyear 
and five-year projecnons m w  be made for. expected change in pounds used, expected change 
m pounds of byproduct generated. expected percentage change in use, and expected 
percentage change m byproducts. (See Chapter 2.3 on goal-setting and Chapter 6.2 on 
measuring TUR progress ) 

(5) Byproduct Reduction Goals: Two-year and five-year goals forthe ByproduaReduction 
Index. Thew goals must reflect the expected impact of the TLJR techniques which have.been 
chosen for implementanon. (See Chapter 2.3) 

(iv) TUR Mahices: For each production unit listed on the Form S, the plan must include a 
matrix of the son whch accompanies the Form S report The matrix should indicate which 
of the six h d s  of TLJR (See Chapter 4.2.) will be implemented over the next five years, 





Appendix 2: Glossary of TUR 
Terms and Acronyms 

A 
Anodizing: A process that coats aluminum with a hard, corrosion-resistant oxide coating. 

Byproduct: Under 'IURA, "All nonproduct outputs of toxic or hatardous substances 
generared by a production unit, pnor to handling, transfer, treatment or release." If the 
"byproduct" IS r r w d  as is without processing or treatment, it may be regarded as product. 

Byproduct Reduction Index: A calculation used for TUK.4 reporting purposes which 
represents the percentage r e d u m n  achieved, over a specified baseline year, in byproducts 
per unn of product. See Appenh A1 2 and Chapter 6.2. 

C 
Capital Cosar: O m - m e  mas of planning and implementing a production change. See 
Figure 5D 

C E R C U :  Comprcbtnnvt Enwonmental Response and Compensation Liability Act 
(federal 1 All toxics b e d  u ~ d a  CERCLA wilI be included in TURA by the end of 1993. 

CbemKJ laputs Dambase: A database which lists the chemicals in use in a plant and 
specrfies the amount used. tbc con of the substance, the waste streams in whch it appears. 
the r r g u b o m  to whch ~t u Subject, and the processes or operations in which it is used. See 
-31 

C b e m i d  Outpots Daubue: A darabase that lists each chemical leaving a plant, and 
specifics tbe amount relure& th uca!ment and disposal costs, the waste streams in which 
it appears. the rtgulauotls to u-t~lcb it is subject, and the processes in whch it is used. See 
Chapter 3 . 1  

Chemical Pathway .Uatysa: A dugram whch graphcally depicts the pathway of a toxic 
chemical through a produrn mt, and locates all points at which portions of the substance 
are released as bypmdu~ See F1gw-e 3 D. 

Cost Differcotill: Thc annual change i r ~  operating costs realized by a TUR project or any 
other cap~tal project 

D 
DEP: Deparmrai of Enwonmental Protection (Commonwealth of Massachusetts) 

Differential Cam:  Opcranng costs which would be changed by a TUR project or any other 
capltal project. See Figure 5C 

Direct Costs: Operating costs whch can be assigned directly to a particular product or 
producbon urut See F~gure 5B 
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or less toxlc substance." See Figure 4C. 

Intangible Closts: Bpcr;Lang costs whichhaveareal bottom-line impact yet whichdo not lend 
themselves to precise measurement. See Figure 5B. 

Intermediate Rodoct: Under TUU,  "(a) in chemical manufacturing, any chemical 
substance rha~ IS ccnw911ed. in d o l e  or in part, in chemical reactions used for the intentional 
man- of an& cbtrmcal substance or mixture, or that is intentionally present forthe 
purpose of a k m g  the rate of chemical reactions. . . ; (b) in any other setting, any 
manufamud subsrancc that is consumed, in whole or in part, in a chemical or physical 
process for tbr mtenaonal manufacture of another product, becomes a component part of 
another product or that LS mumtionally present for the purpose of aidmg the manufacture of 
another product. " 

L 
Liability: Ln tbc amteat of n R  Ilabhty is the potential cost which may arise fkom being 
found M i c  for -111g th entuonment or for harming public or worker health. 

LQTU: Luge Quanap TOXIQ User Under TURA, h s  category includes "any toxics user 
who m a r ~ u h m .  pnxeucs. a orherwise uses any toxic or hazardous substance in an 
amount thc same as or gum than the applicable threshold amount in a calendar year at the 
facilir).." See Chapter 1 3 

M 
MSDS: htttmlal Lhra Shed (required by OSHA Communication Standards). 

Materials Acreooting: b v  Pul)~cal technique aimed at identifymg and quantifymg the 
matcnals uLch enter ad em a pvm production process or production fachty. See Chapter 
3.4. 

Mediuhled~om: Th three enwonmental me&a are air, water, and land. 

N 
NPDES: N a r ~ o a J  Pollmon bscharge Elmination S ystan W D E S )  &charge permits are 
issued by tbr f d c d  EPA unltr the federal Water Pollution Conuol Act. 

0 
OSHA : O c c u p a a d  Safcty and Health A-on (federal) 

OTA: Office of Techn~cd Assistance for Toxics Use Reduction, the nonregulatory state 
agency whrch slrtborrd tius manual, was established by TURA to provide confidential 
techrucal TI-% assistance at no charge to Massachusetts toxics users. OTA can be reached 
dunng busmess burs at (61 7) 727-3260. See Chapter 1.4. 
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SQTU: Small Quannty Toxics Users. Under TUR4, all toxics users which are not classified 
as LQTUs (See LQTU defhrion above). 

Superfundl: The federal program authorized by CERCLA and SARA wh~ch carries out 
EPA's soli~d wasv emergency response and long-term remediation activities. 

T 
Toxiflenic Substance: Under TLJR4, any chemical on the toxic chemical list under 
EPCRA vmm 3 13 By 1993, all chemicals regulated under CERCLA sections 1 Ol(14) and 
102 will also be wnsldcrcd toxic under TURA. 

TUR: Toxla Use Redurnon. Under TLTRA. "in-plant changes in production processes or 
raw ma!rnals that reduce. avo~d or eliminate the use of toxic or hazardous substances or 
generanon of hazadas byproducts per unit of product, so as to reduce risks to the health of 
workers. amsumen. or thc cnbuonment, without shifhng risks between workers, consum- 
ers, or pas of the envlroament." TUR can be achieved through six techques:  product 
rrformuiana proceu mtb~gn, process modernization, input substitution, reuse/recycling, 
and unprobrd operanaa and mamunance. See Chapter 1.1. 

TUR4: Masachllxns Toxlu Use Reduction Act (MGL Chap. 2 1 I, Regulanons: 3 10 CMR 
50.00 ) See: C h a p r  1 3 and Appenhx 1. 

TURI: Toxlcs Usc Rtdumoa lnsDcute (state). TUTU was established by TURA to research 
and pubhcw TUX oppomrmna, offer courses and seminars on TUlZ certify TUR Planners, 
and carry crrn other relaxed mvlnes. The Insalute, which is locared at the University of 
Massachusetts a Lowell. can be reached at (508) 934-3275. 

U 
Unit of Roducc: Uoder 7 l R A  reguhons  (3 lOCMR 50.1 O), "A measure that reflects the 
level ofptodhrctroa or acnbiry aaociatedwith the use ofthe toxic or the generarion of the toxic 
as byproduct' See Chaper 6.2 and Appendix A1.2. 

w 
Walkthrough: &I oa-nu tnspecnon of production processes aimed at solidifymg under- 
srandmg - ~ f  produrnon processes and launch~.~g the search for appropriate TUR proposals. 
See Chapvr 3 5 





Appendix 3: Bibliography of 
TUR Resources 

Note: The following is a & list of resources and publications on Toxics Use Reduction. 
inclusion of' any dormation whch features particular products or proprietary technologies 
does not represent an endorsement of those products or technologies by the Commonwealth 
of Massachusens, but simply an indication of their- availability. 

All of the following materials are available at the OTA library. Some of the materials can 
also be ordered from other sources. and where possible we have listed these sources. If you 
are intenneld m perusmg or obtaining a copy of these materials, contact OTA at (617) 727- 
3 260. 

A General Information on Toxics Use Reduction 

I .  The U S  Pdlution Prwenrion lnbrrrution C U n g h o u s e  (PPIC) 
The U.S. Erm~ronmenuI Proucuon Age- mainuins a free telephone service to handle inquiries 
about pdl- pmwwmoa and to l u s t  in documenr search. The PPlC has a libnry of more 
than 400 case rcudtu ol succusful pollution prevention projeco in a wide variety of indusmer. 
Many of h caw a d l a  hll mttwn b e  aoegory of Toxics Use Reduction. The EPA libnry also 
includes more &an 600 MI* on fden l .  s n a  and local polluoon prevenoon projects. indusuy 
p r o p m a  r d  rruu mtmmruoon ruesameno. The PPlC can be reached by calling eirher the 
RCRA Suprlund H o d w  rr (800) 424-9346 o r  rhe Small Business Ombudsman Hocline ar (800) 
368-5888. Tbchn~cal qwaoons a n  k addressed ro expem at the PPlC Technical Assisnnce 
Horline r r  (703) 821-4600 

merit Manual, 92 pp. AnihMe from: 

Haurdous Waau Englnoormg Ruearch Labonwry 
Wlce  of Ruurch and D d o p m e n r  
US Envtronmenul Prowcoon Agency 
Cuunnmo. Ohlo 45268 

3. & n e f t m m o u s  Waste Reduction: A Plannine Guide for 
0-n U pp A- horn: 

Absmcc A p h n n y  mMal (or ruts redudon. with w o h h e e o  which may prove useful co 
some Massachusem bur~nesres 

4. &apwca G& to P- Pmmtion Planning, 108 pp. Avaihble from: 
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